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1 Fiftlrl of th ft Tnvftntlon 



The present invention relates to a semiconductor 
manufacturing method including a process for detecting the 
10 orientation flat or notch of a substrate and aligning it to 
1 3 a specified position, arid to a semiconductor manufacturing 
apparatus equipped with a substrate alignment apparatus. 



7 Desr-Tiptlon of Rftlated Art 



!^ An 8 -inch cassette that carries wafers generally has an 

"E ocen construction (with a lid-less open cassette, the bottom 
part is also open), so the notch alignment of the wafers can 
be performed from the opening in the bottom of the cassette 

20 by standing the cassette upright so that the wafers are 
vertical. However, a wafer carrier called a FOUP (Front 
Opening Unified Pod), which is a 12-inch cassette, has a 
closed construction, so notch alignment always requires the 
wafers to be taken out of the FOUP. Because the wafers 

25 inside the FOUP are ordinarily in a horizontal state, to 
align the notches in a vertical state, the FOUP has to be 
stood up vertically or rotated 90°. Changing the attitude 
of the FOUP by standing it up vertically or rotating it 90° 
is extremely troublesome, which is partially due to the 



large size of the carrier. Also, when 25 12-inch wafers are 
carried, the FOUP becomes quite heavy, making it difficult 
to rotate it by 90°. In view of this, a method in which the 
wafers are taken out of the FOUP while it is still 
5 horizontal and the notches of the wafers are aligned in a 

horizontal state is considered easier than when this is done 
vertically. 

An example of a mechanism proposed in the past for 
positioning wafers in a horizontal state is Japanese Laid- 
10 Open Patent Application H6-13450. With this mechanism, the 

□ wafer is placed on an eccentricity correction jig having a 

□ 

•.J conical sloped surface, the eccentricity of the wafer is 

I y 

\]Q corrected, the eccentricity correction jig is lowered, the 

IP wafer is moved from the eccentricity correction jig to a 

j'|5 rotating stage and secured thereto by suction, the 

!^ eccentricity correction jig is then further lowered and 

% retracted, the wafer is rotated on the rotating stage in 

i. «j 

this state, and the notch on the wafer is detected by an 
optical sensor, allowing proper alignment to be achieved. 
20 After this alignment, the wafer is collected by the reverse 
operation. As a result, the eccentricity of the wafer is 
corrected all at once, and the wafer is positioned more 
accurately . 

With the above alignment mechanism, however, because 
25 the back of the wafer is supported by vacuum suction during 
the detection of notch position, the generation of particles 
is inevitable, the problem with which is that these 
particles cling to the back of the substrate. 
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Also, the above alignment mechanism is only intended 
for a single wafer, and while it is effective in texms of 
achieving good alignment accuracy one wafer at a time and 
making the mechanism simpler, because only one wafer can be 
5 detected, alignment is slow when a plurality of wafers are 
positioned one at a time, creating a bottleneck in the 
process and resulting in poor throughput for the apparatus 
as a whole - 

It is possible to provide a plurality of the above- 
10 mentioned alignment mechanisms in series in order to 

'■^ position a plurality of wafers all at once, but this results 

□ " 

in a bulky mechanism. Furthermore, if an attempt is made to 

"■4 ■ ' ■ 

position a plurality of substrates all at once, this 

i;3 

requires a complicated operation in which the angular 
'15 position of previously positioned substrates is left alone 

iU while subsequent substrates are being positioned, among 

u 

various other problems that are encountered, and solving 
these problems is extremely complicated in terms of both the 
process and the mechanism. 



□ 



20 



RTTMMARY OF THE IN VENTION 



It is an object of the present invention to solve the 
problem associated with prior art whereby particles 
25 inevitably clung to the back side of the substrate because 
this side was supported, and to provide a semiconductor 
manufacturing method and semiconductor manufacturing 
apparatus with which it is possible to prevent particles 
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from clinging to the back of the substrate during substrate 
alignment . 

It is another object of the present invention to solve 
the problem associated with prior art whereby substrates 
5 could only be positioned one at a time, and to provide a 
semiconductor manufacturing method and semiconductor 
manufacturing apparatus with which it is possible to 
position a plurality of substrates all at once. 

It is another object of the present invention to 
10 provide a semiconductor manufacturing method and 

semiconductor manufacturing apparatus with which throughput 

□ ■ ■ 

:3 can be enhanced by performing substrate alignment during the 

idle time of the substrate transfer unit that transfers the 
'''4 substrates to a processing cheunber or processing jig. 

m 

;15 It is another object of the present invention to 

n 

I'U provide a semiconductor manufacturing method and 

semiconductor manufacturing apparatus with which it is 

Q 

ly possible to solve with ease the trouble encountered when a 
plurality of substrates are positioned simultaneously. 

The invention of Oriaim 1 is a semiconductor 
manufacturing method including a step of detecting the 
position of the orieoitation flat or notch of a substrate and 
aligning to a specific position, wherein a substrate 
transfer unit thart: transfers substrates to a processing 
25 chamber or processing jig is used for the orientation flat 
or notch aligipient of the substrates. 

When a substrate transfer unit that transfers 
substrates to a processing chamber or processing jig is used 
for the orientation flat or notch alignment, it is easier to 
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place and remove the substrates with respect to the 
substrate alignment apparatus that performs the orientation 
flat or notch alignment. Also, since there is no need for a 
separate transfer unit to be readied, the apparatus is more 
5 compact and lower in cost. 

The invention o^ Claim 2 is the semiconductor 
manufacturing method according to Claim 1, wherein the 
orientation flat/ or notch alignment of the substrates is 
performed in sl transfer chamber in which the substrate 
10 transfer unit is installed. 

1=* Because the orientation flat or notch alignmeiit is 

''3 performed in a transfer chamber, the substrate transfer unit 
W can be utilized more efficiently. Also, because the 
«J substrate alignment apparatus is installed in the empty 

m 

?15 space of the substrate transfer chamber, there is no need 

fU for a separate chamber or the like in which the substrate 

S alignment apparatus is installed to be readied, which allows 



fn the apparatus to be more compact and lower in cost. 

The invention y^f Claim 3 is a semiconductor 
20 manufacturing method according to Claim 1, wherein the 
substrates are removed from a substrate carrier by the 
substrate trans/fer unit and put into a substrate alignment 
apparatus tha/t performs the orientation flat or notch 
alignment ox the substrates, and the substrates are taken 
25 out of the/ substrate alignment apparatus by the substrate 

transfer /unit after the orientation flat or notch alignment 
of the jsubstrates and transferred to the processing chamber 
or processing jig. 
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When a substrate transfer unit that transfers the 
substrates to a processing chamber or processing jig is used, 
it is easier to place and remove the substrates with respect 
to the substrate alignment apparatus that performs the 
5 orientation flat or notch alignment. Also, since there is 
no need for a separate transfer unit to be readied, the 
apparatus is more compact and lower in cost, 

The invention Claim 4 is the semiconductor 
"manufacturing methoca according to Claim 1, wherein the 
10 orientation flat ot notch alignment of the substrates is 

performed ahead at time by exchanging substrate carriers and 
Ij repeating the fc/llowing steps (a) to (d) : (a) the 

substrates are /removed from the substrate carrier by the 

/ 

!^ substrate tran/sfer unit and put into a substrate alignment 
1^ apparatus th^ performs the orientation flat or notch 

alignment of/ the substrates, and orientation flat or notch 

I"* / 

=P alignment of the substrates is performed, (b) the substrates 

t;sKf / 

lU that have Undergone orientation flat or notch alignment are 
taken out/of the substrate alignment apparatus and returned 
20 to the substrate carrier by the substrate transfer unit, (c) 
repeating the above steps (a) and (b) until the orientation 
flat oiT notch alignment is finished for all of the 
substrates in the substrate carrier, and (d) the substrate 
carrier for which the orientation flat or notch alignment of 
25 the/ substrates has been finished is stored on a storage 
shilf. 

If the orientation flat or notch alignment of 
substrates to be processed in the processing chamber the 
next and subsequent times is performed as much as possible 
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during the idle time of the substrate transfer unit that 
transfers the substrates to the processing chamber or 
processing jig, such as while a substrate is being processed 
in the processing chamber, then substrates that have already 
5 undergone orientation flat or notch alignment can be 

transferred to the processing chamber directly from the 
substrate carrier, without having to undergo orientation 
flat or notch alignment again, so the substrates can be 
transferred more quickly and throughput is enhanced, 
sjo The inventior/! of Claim 5 is the semiconductor 

i'^ manufacturing metHiod according to Claim 4, including a step 

□ / 

'3 in which, if the orientation flat or notch alignment of the 

4 T 

W substrates in ythe substrate carrier has been performed ahead 

i;o / 

4 of time, this/ information is stored, a decision as to 

i;fl 7 

45 whether the /substrates to be transferred have already 

Cj / 

lU undergone Orientation flat or notch alignment is made on the 
basis of this information, and if the substrates to be 

ry transferred have already undergone orientation flat or notch 
alignment, then the substrates are taken out of the 

20 substmte carrier by the substrate transfer unit and 

transferred directly to the processing chamber or processing 
jig ywithout first going through the substrate alignment 
apparatus . . 

If the orientation flat or notch alignment of a 

25 substrate to be processed has been performed ahead of time, 
then a transfer path is automatically selected such that a 
substrate is transferred from the substrate carrier directly 
to the processing chamber or processing jig, without going 
through the substrate alignment apparatus, but if the 
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orientation flat or notch alignment of a substrate to be 
processed has not been performed ahead of time, then a 
transfer path is automatically selected such that the 
substrate is transferred from the substrate carrier to the 
5 substrate alignment apparatus, and is only transferred to 
the processing chamber or processing jig after orientation 
flat or notch alignment, so there is no need for the user to 
be aware of whether the substrate has already undergone 
orientation flat or notch alignment (that is, no need to go 
10 to the trouble of checking whether the substrate has already 
undergone orientation flat or notch alignment and selecting 
the transfer path). 

The invention of Claim 6 is a semiconductor 



manufacturing method lEfcluding a step of detecting the 

'15 position of the orie/tation flat or notch of a substrate and 

D / 

iU aligning to a specific position, wherein the orientation 



flat or notch alignment of each substrate is performed by 
lU placing the substrate horizontally and rotating it while the 
outer periph/ry of the substrate is supported by a substrate 
20 support component. 

Because the outer periphery of the substrate, rather 
than its back, is supported during the orientation flat or 
notch alignment , no particles cling to the back side of the 
substrate. Also, because the orientation flat or notch 
25 alignment can be performed horizontally, there is no need 
for the complicated operation of changing the attitude of 
the substrate when the substrate is transferred horizontally, 
and this facilitates orientation flat or notch alignment. 
This is particularly advantageous if the substrate has a 
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large diameter, because changing its attitude would be more 
difficult. 

^^^V The inveyition of Claim 7 is the semiconductor 

/Manufacturing method according to Claim 6, including a step 
5 in which tlie substrate is temporarily retracted from the 
substratef support component, and the relative positions of 
the sub/Strate and the substrate support component in the 
peripteral direction are shifted, after which the retracted 
subsrrate is once again supported by the substrate support 
10 component . 

i;* More specifically, when orientation flat or notch 

^ alignment is performed for each substrate by rotating the 

'J substrate support component around the substrate center in a 

i;0 

=4 state in which the outer periphery of one or a plurality of 

15 substrates is horizontally supported by the substrate 

fU support component, it is preferable if each substrate is 

„^ temporarily retracted from the substrate support component 

□ 

ly by the substrate retraction mechanism, the substrate support 
component is rotated around the substrate center during this 

20 retraction and the relative position of the substrate 

support component is shifted with respect to the peripheral 
direction of the substrate, and each retracted substrate is 
returned to and once again supported by the substrate 
support component . 

25 Problems with the relative positions of the substrate and 

the substrate support components sometimes occur, such as in 
the course of aligning the orientation flats or notches of the 
substrates, or after orientation flat or notch alignment. 
When this happens, the substrates are temporarily retracted 
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from the various substrate support components supporting each 
substrate, and during this retraction, the substrate support 
components are shifted in the peripheral direction of the 
substrates so as to shift the relative positions of the 
5 substrate support component with respect to the substrates. 
Problems with the positional relationship between the 
substrate and the substrate support component can be solved by 
moving the substrate support component while the substrate is 
retracted, so as to shift the position of the substrate 
10 support component with respect to the substrate. 



: I 

. i 



The substrate retraction mechanism that retracts the 



;^ substrate from the substrate support component may be, for 

example, a substrate pick-up mechanism provided such that it 
15 can be raised and lowered and comprising three pick-up poles 
^ having pick-up support pins for picking up and supporting 

one or a plurality of substrates, and this mechanism may be 
U used to raise the substrate such that there is no 

interference with the substrate support component. During 
20 retraction, the angular position in the peripheral direction 
of the substrate is maintained with the substrate in the 
picked-up state, and after retraction, the substrate is 
directly lowered and transferred from the substrate 
retraction mechanism to the substrate support component. 
5 The invent icm of Claim 8 is the semiconductor 

manufacturing mfethod according to Claim 7, wherein, in the 
shifting of the relative positions of the substrate and the 
substrate svipport component in the peripheral direction, the 
position the substrate support component is corrected so 
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that the orientation flat or notch of the substrate will not 
overlap with the /Substrate support component, and so that 
the substrate support component will not block the forward 
path of the s\ibstrate transfer unit as the substrate is 
5 taken out of the substrate support component by the 
substrate/transf er unit. 

More specifically, in a semiconductor manufacturing 
method including a step of aligning a substrate, the 
substrate is temporarily picked up and retracted from the 
10 substrate support component without moving the substrate 

from its position in the peripheral direction, and during 
O this retraction the substrate support component is rotated 
W around the substrate center and the position of the 

lis 

SI substrate support component is corrected so that the 

m ' 

5i5 substrate support component will not overlap with the 

n 

ry orientation flat or notch, or so that the substrate support 
„p component will not block the forward path of the substrate 
fU transfer unit as the substrate is removed from the substrate 

support component by the substrate transfer unit after 
20 substrate alignment. 

If the orientation flat or notch of a substrate 
overlaps with the substrate support component that supports 
the substrate prior to substrate alignment (orientation flat 
or notch alignment), the forward path of the substrate 
25 transfer unit may be blocked by the substrate support 

component as the substrate is being removed by the substrate 
transfer unit after substrate alignment. In such a case, 
the substrate is temporarily picked up and retracted from 
the substrate support component without moying the angular 
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position of the substrate in the peripheral direction. In 
the case of an operation for eliminating the overlap between 
the orientation flat or notch and the substrate support 
component, the angular position of the substrate in the 
5 peripheral direction is maintained during the retraction of 
a substrate prior to notch alignment as well. During 
retraction, the substrate support component is rotated 
around the substrate center and the position of the 
substrate support component is corrected so that the 
10 substrate support component will not overlap with the 

M orientation flat or notch, or so that the substrate sujpport 

□ 

O component will not block the forward path of the substrate 

Si 

IJ transfer unit (the latter case is called return to point of 

m 

4 origin) . The problems mentioned above can be solved by 

m 

iil5 performing this return to point of origin. 

The invention of Claim 9 is tl<e semiconductor 
manufacturing method according to^ Claim 8, wherein, if there 
fy is overlap between the substrat^ support component and the 

orientation flat or notch of tne substrate while the 
20 substrate outer periphery is /supported by the substrate 

support component, the substrate is temporarily retracted 
from said substrate support component and the relative 
positions of the substrate and the substrate support 
component in the peripheiral direction are shifted, after 
25 which the substrate is/once again supported by the substrate 
support component, tt^reby avoiding the overlap. 

More specifically, in a semiconductor manufacturing ^ 
method including a step of performing orientation flat or 
notch alignment for each substrate by rotating the substrate 

12 



support component around the substrate center in a state in 
which one or a plurality of substrates have been placed 
horizontally by supporting the outer periphery of the 
substrates with the substrate support component, when the 
5 substrate outer periphery is supported by the substrate 
support component, and when the orientation flat or notch 
formed on the substrate outer periphery overlaps with the 
substrate support component so that the orientation flat or 
notch cannot be detected, the substrates are temporarily 
10 picked up and retracted from the substrate support component 

by the pick-up mechanism, during which time the substrate 
□ support component is rotated a specific amount, after which 
IsJ the retracted substrates are returned to the substrate 
sj support component, thereby avoiding the above-mentioned 

15 interference between the orientation flat or notch and the 

□ 

ry substrate support component. 

=» vnien a substrate is placed on the substrate support 

P 



ru 



component, the orientation flat or notch of the substrate 
may land on the substrate support component because the 
20 orientation flat or notch position of the substrate cannot 

be specified. If the orientation flat or notch lands on the 
substrate support component, the substrate support component 
may get in the way of the detection sensor and prevent the 
orientation flat or notch from being detected. In view of 
25 this, to avoid overlap between the substrate support 

component and the orientation flat or notch, the substrate 
is first picked up and retracted by the pick-up mechanism, 
and the substrate support component is rotated a specific 
amount during this retraction, thereby shifting the 



13 



substrate support component with respect to the substrate 
and eliminating the above-mentioned overlap. 

Because the substrate support component is thus shifted 
with respect to the substrate while the substrate is being 
5 picked up and retracted, thereby eliminating overlaps 

between the substrate support component and the orientation 
flat or notch, the problem of being unable to detect the 
orientation flat or notch can be eliminated. 
^IA^^fo)> The invent ioif of Claim 10 is the semiconductor 
10 manufacturing me/chod according to Claim 8, wherein the 
i'^ substrate is te^mporarily retracted from said substrate " ' 

support component after the orientation flat or notch 
■'^ alignment of the substrate, and the substrate support 
!^ component As set in a tolerance position that doesn't block 
•15 the forward path of the substrate transfer unit, after which 
iU the supstrate is once again supported by the substrate 



support component . 
ly More specifically, in a semiconductor manufacturing 

method including a step of removing the substrates from the 
20 substrate alignment apparatus after one or a plurality of 
substrates have been put into the substrate alignment 
apparatus by the substrate transfer unit and the substrates 
have been positioned, the substrate support component that 
is provided to the substrate alignment apparatus and 
25 supports the outer periphery of the substrates is set in a 
tolerance position that doesn't block the forward path of 
the substrate transfer unit, the outer periphery of the 
substrates that are put into the substrate alignment 
apparatus is supported by the substrate support component of 



14 



the substrate alignment apparatus, and the substrates 
supported by the substrate support component are rotated 
along with the substrate support component so that the 
orientation flats or notches of the substrates can be 
detected. 

It is preferable if the substrates are positioned on 
the basis of the detection results, and the positioned 
substrates are picked up and temporarily retracted from the 
substrate support component by a substrate pick-up mechanism 
provided to the substrate alignment apparatus in a state in 
which the position of the positioned substrates is 
maintained, during which time the substrate support 
component is rotated in order to avoid interference between 
the substrate transfer unit and the substrate support 
component, which resets the substrate support component to a 
tolerance position that doesn't block the foirward path of 
the substrate transfer unit (return to point of origin) , and 
the retracted substrates are returned to the substrate 
support component after this resetting. 

After the substrate support component has been rotated 
and the orientation flat or notch alignment of the substrate 
performed, the substrate support component may come to the 
substrate placement position of the substrate alignment 
apparatus, where the forward motion of the substrate 
transfer unit would be impeded. If the substrate support 
component comes to this placement position, the substrate 
transfer unit will interfere with the substrate support 
component and the substrate cannot be removed. In view of 
this, in order to avoid the interference between the 
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substrate transfer unit and the substrate support component^ 
all of the substrates are first picked up and retracted by 
the pick-up mechanism while their positioned state is 
maintained, and the substrate support component is rotated 
by a specific amount during this retraction, which resets 
the substrate support component to its original position and 
eliminates the above-mentioned interference. 

While the substrates are being picked up and retracted, 
the substrate support component that had been shifted in the 
orientation flat or notch alignment process is reset to its 
original position, so the problem of being unable to remove 
the substrate after orientation flat or notch alignment is 
avoided . 



ijN^ The invention of Claim 11 /is a semiconductor 

manufacturing method including a step of detecting the 
position of the orientation flat or notch of a substrate and 
aligning to a specific posixion, wherein, in the orientation 
flat or notch alignment of a plurality of substrates , the 
plurality of substrates are stacked and supported by a 
substrate support mechanism and rotated all together by the 
required angle, the orientation flats or notches of all of 
the substrates are detected by a detection sensor, and the 
detection information is stored, the substrate support 
mechanism is rotated on the basis of the detection 
information, orientation flat or notch alignment is 
performed for one substrate at a time, each substrate that 
has undergone /orientation flat or notch alignment is 
retracted from the substrate support mechanism one by one 
while the position of each substrate in the peripheral 
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jLs maintained, and after the orientation flat or 
notch allTgnment and the retraction are finished for all of 
the sul/strates, the retracted substrates are returned to the 
subs-^ixate support mechanism. 
5 Here, the detection information is positional 

information about the angle of shift from the reference 
angle position when the orientation flat or notch has been 
detected. If the orientation flats or notches of all the 
substrates are detected and this detection information is 
10 stored in the process of a plurality of substrates being 

\^ rotated all at once and passed through the detection sensor, 

□ 

j:3 then even if the substrates are further rotated subsequently, 

SI 

t,j the orientation flat or notch position can be accurately 

i;9 

remembered as long as the detection information is corrected 
.15 according to the amount of rotation. 

I'y The reason that the detection information needs to be 

-corrected here is as follows. For example, when there is 
ily overlap between the substrate support component and the 

orientation flat or notch of the substrates, all the 
20 substrates are temporarily retracted and the substrate 

support component is rotated by a specific cunount in order 
to eliminate this overlap, but in this case even those 
substrates that have already had their orientation flat or 
notch positions detected are rotated by this specific amount . 
25 Correction of the detection information is therefore 
necessary. 

Orientation flat or notch alignment is performed for 
. one substrate at a time, and the substrates are retracted 
from the substrate support mechanism while the position of 
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the substrate in the peripheral direction is maintained, and 
after the orientation flat or notch alignment is complete 
for all the substrates, the retracted substrates are 
returned to the substrate support mechanism, so even if the 
5 substrate support position of the substrate support 

mechanism is changed, there will be no deviation in the 
aligned orientation flat or notch positions, and the proper 
orientation flat or notch alignment will still be possible. 
The invention of Claim 12 is the semiconductor 
10 manufacturing method according to Claim 11, including a step 

of rotating the plura/ity of substrates all at once by a 
□ specified angle whep!" the orientation flat or notch position 
{,a of the plurality substrates cannot be detected because 

m • 

the orientation ^lat or notch position is too far away from 

m 

:j[5 the place wher^ the detection sensor is installed, and the 

b 

r|j orientation f ^at or notch position is brought closer to the 
p place where ):he detection sensor is installed, where the 
\Jx orientation /flat or notch positions can be detected, through 

this rotatJ^on by the required angle. 
20 When the above-mentioned required angle is different 

from the specified angle, and the substrates are rotated all 
at once by the specified angle, it is only possible to 
detect the orientation flat or notch position by first 
rotating the substrates by the specified angle and then 
25 rotating them by the required angle. If the orientation 

flat or notch position is far away from the place where the 
detection sensor is installed, detection of the orientation 
flat or notch position can be facilitated by rotating the 
substrates by the specified angle all at once so that the 
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orientation flat or notch position moves closer to the place 
where the position detection sensor is installed. 

No position detection sensor is placed on the side of 
the substrate alignment apparatus where the substrates enter 
because it would obstruct the forward motion of the 
substrate transfer unit. Therefore, if the orientation flat 
or notch position is on the entry side, the orientation flat 
or notch position ends up being far away from the place 
where the sensor is installed. Accordingly, the substrates 
must be rotated so that the orientation flat or notch 
position is brought closer to the place where the sensor is 
installed. A similar operation is sometimes necessary even 
when the orientation flat or notch is not on the substrate 
entry side of the substrate alignment apparatus. 

Paim 13 is the semiconductor 
ording to Claim 11, wherein, when 
notches of the substrates cannot be 
ubstrate support mechanism is 
angle, the following steps (a) to 
to allow orientation flat or notch 
rates are retracted from the 
rism, (b) the substrate support 
-a specified angle, (c) the 
•to the substrate support mechanism, 
ipport mechanism is rotated by the 
orientation flat or notch position is 

More specifically, the following steps (a) to (d) are 
carried out when the orientation flats or notches of the 
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substrates cannot be detected by the position detection 
sensor in a non-contact detection process. Once these steps 
have been carried out, the orientation flats or notches will 
go from an undetectable region to a detectable region, and 
5 the notches can be detected; 

(a) The substrates are all retracted from the substrate 
support mechanism, 

(b) the substrate support mechanism is rotated by a 
specific amount in order to shift the relative positions of 

10 the substrates and the substrate support mechanism in the 
1;^ peripheral direction, 

(c) the retracted substrates are returned to the 
substrate support mechanism that has been rotated by the 



fU and the positions of the orientation flats or notches of the 

„S substrates that have been returned to the substrate support 

P 

rit mechanism are detected by the sensor. 



20 substrates cannot be detected, it is preferable if the 

alignment of a plurality of substrates is carried out one 
substrate at a time by rotating the plurality of substrates 
all at once on the basis of the detection information, and 
every time alignment is completed, the substrate whose 

25 alignment is finished is retracted from the substrate 

support mechanism in order to preserve the alignment result, 
and once the alignment of all the substrates is complete, 
the retracted substrates are returned and supported by the 
substrate support mechanism. 



m 

15 

□ 



above-mentioned specific amount, and 



(d) the substrates are rotated by the required amount 



When the orientation flat or notch positions of the 
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The above-mentioned required angle is different from 
the specified angle, with the relationship being (required 
angle) > (specified angle). Even if the orientation flat or 
notch positions cannot be detected when the substrate 
support mechanism is rotated by the required angle, they 
will be detected if the peripheral direction position of the 
substrates is shifted by the specified angle with respect to 
the substrate support mechanism, and the detection of the 
orientation flat or notch positions is thus possible. 

The invention of Claim 14/ is the semiconductor 
manufacturing method accordii/g to Claim 11, wherein, in the 
alignment of the orientation flats or notches of the 
substrates to a specific position after completion of the 
orientation flat or notcHi position detection operation for 
all of the substrates/ if the orientation flat or notch of 
the substrate cannol/ be aligned to the specific position 
with a single rotartzion because the orientation flat or notch 
position is too /far away from the specific position, the 
following step4 are repeatedly performed until the 
orientation /flat or notch of the substrate is aligned with 
the specified position. 

(a) The substrate support mechanism is rotated the 
required amount in the direction that is the shortest path 
from the orientation flat or notch position to the specified 
position, 

(b) the substrates are retracted from the substrate 
support mechanism. 
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(c) the substrate support mechanism is rotated the 
required amount in the opposite direction from that in (a), 
and 

(d) the substrates are returned to the substrate 
5 support mechanism. 

If, after the orientation flat or notch positions have 
been detected for all the substrates, the orientation flat 
or notch positions are far away from the specified position 
in the alignment of the orientation flat or notch position 
10 to the specified position, then it may be impossible to 
align the orientation flats or notches to the specified 
''3 position with a single rotation due to the limited range of 



i'J motion of which the apparatus is capable. In a case such as 

'4 this, the orientation flat or notch position can be moved to 

m 

15 the specified position by repeating the above steps (a) to 

ry (d) and shifting the position a little at a time. The 

hi 

up shortest path from the notch position to the specified 

i-3 

position is selected from the stored detection information. 



0l5y^ The invention y&f Claim 15 is the semiconductor 
20 manufacturing method according to Claim 8, wherein 

orientation flat Lt notch alignment is performed all at once 
for a plurality lot substrates . 

Because orientation flat or notch alignment is 
performed all/at once for a plurality of substrates, there 
25 is a marked increase in throughput. 

The invention of Claim 16 is a semiconductor 
manufacturing apparatus equipped with a substrate alignment 
apparatus that performs orientation flat or notch alignment 
for one or a plurality of substrates supported horizontally. 
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wherein the substrate alignment apparatus comprises a 
substrate support mechanism that has a substrate support 
component which supports the outer periphery of the 
substrate and that rotates the substrate support component 
around the substrate center so as to rotate the substrate, 
and a detection sensor that detects in non-contact fashion 
the orientation flat or notch of the substrate supported and 
rotated by the substrate support mechanism. 

Because the substrates are supported around their outer 
periphery rather than on their back side, the particles that 
are produced in the course of substrate support do ifiot cling 
to the back side. There is no friction between the 
detection sensor and the substrate when the orientation flat 
or notch is detected in non- contact fashion by the detection 
sensor. Therefore, with the present invention, the clinging 
of particles to the back of the substrate can be effectively 
prevented because the orientation flat or notch is detected 
without contact with the substrate, and the outer periphery 
of the substrate is supported. 

The invention of Claim 17 is the semiconductor 
manufacturing apparatus according to Claim 16, wherein a 
supporting/tapered portion is provided to the support 
component/ and the outer periphery of the substrate is 
supported by this supporting tapered portion. 

Because the substrate is supported in linear or point 
contact by the supporting tapered portion, less frictional 
force is produced than when a substrate is supported in 
surface contact, and there is also a reduction in the 
particle generation that accompanies orientation flat or 
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a substrate retraction mechanism for retracting the 



notch alignment, so the clinging of particles to the back of 
the substrate can be effectively prevented. 

The invention of Claim 18 is the semiconductor 
manufacturing apparatus according to Claim 16, wherein the 
5 substrate smpport component further has a tapered portion 
for correcting substrate eccentricity. 

When the substrate is supported by a supporting tapered 
portion via a tapered portion for correcting substrate 
eccentricity, because the substrate is in a horizontal state, 
10 the substrate is automatically centered by its ovm weight in 
the course of the orientation flat or notch alignment. 

O 

^^Wi^l^^^ The invention Claim 19 is the semiconductor 

W manufacturing apparatus according to any of Claim 16, having 

15 substrate fron/the substrate support component of the 

(3 

fU substrate sujjfport mechanism. 

„g More specifically, in a semiconductor manufacturing 

□ 

jlj apparatus equipped with a substrate alignment apparatus that 
performs orientation flat or notch alignment for one or a 

20 plurality of substrates supported horizontally, it is 

preferable for the substrate alignment apparatus to have a 
substrate support mechanism that has a substrate support 
component having a tapered portion and supporting the outer 
periphery of the substrate with this tapered portion, with 

25 this substrate support component provided rotatably around 
the substrate center, and that rotates the substrate 
supported by this substrate support component, a detection 
sensor that detects in non -contact fashion an orientation 
flat or notch formed at the outer periphery of the substrate 
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supported and rotated by the substrate support mechanism, 
and a substrate retraction mechanism that has a substrate 
support component for supporting the outer periphery of the 
substrate, with which this substrate support component Is 
5 supported at the substrate outer periphery and one or a 
plurality of the substrate are temporarily retracted from 
the substrate support component of the substrett'e support 
mechanism. 

Because this substrate retraction mechanism allows the 
10 substrate to be temporarily retracted from the substrate 

'^''^ support component. It solves the problem encountered with 

□ 

P the positional relationship between the substrate support 

■'•■4 

W component and the substrate. 
^M^^ 1^ "^^^ invention of Claim 20 /s the semiconductor 

15 manufacturing apparatus accord/ng to Claim 19, comprising a 

□ / 

iy control component for controlling the substrate support 

1'^ / 

,:C mechanism and the substrate /retraction mechanism as in the 

jij following (a) to (c): (a)/the rotation of the substrate 
support mechanism is controlled such that the orientation 

20 flats or notches of a pMirallty of substrates are detected 
and the orientation flats or notches of the substrates are 
aligned one by one, (p) the substrate retraction mechanism 
is controlled such tftiat the isiibstrates that have undergone 
orientation flat ojt notch alignment are successively 

25 retracted from tlie substrate support mechanism one by one, 
and (c) the substrate retraction mechanism is controlled 
such that the /plurality of retracted substrate are returned 
to the substrate support mechanism after completion of the 
orientation flat or notch alignment of all the substrates. 
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More specifically, in a semiconductor manufacturing 
apparatus equipped with a substrate alignment apparatus that 
performs orientation flat or notch alignment for a plurality 
of substrates supported horizontally, the substrate 
alignment apparatus is equipped with a substrate support 
mechanism that supports a plurality of substrates in a 
horizontally stacked state and rotates them all at once, a 
sensor that detects in non-contact fashion the orientation 
flats or notches of the various substrates rotated all 
together by the substrate support mechanism, a substrate 
retraction mechanism that temporarily retracts the 
substrates from the substrate support mechanism, and a 
control component that controls the substrate support 
mechanism and the substrate retraction mechanism. 

It is preferable for this control component to: 

(a) control the rotation of the substrate support 
mechanism is controlled in order to rotate a plurality of 
substrates all at once and detect the orientation flats or 
notches of the various substrates, and to align the various 
substrates one by one on the basis of the detection value 
for the orientation flat or notch of each substrate, and 
output individual alignment completion signals when the 
alignment of the various substrates is complete; 

(b) control the substrate retraction mechanism in order 
for the substrates that have been aligned to be successively 
retracted from the substrate support mechanism one by one on 
the basis of the individual alignment completion signals, 
and 
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(c) control the substrate retraction mechanism in order 
for the plurality of retracted substrate to be returned to 
the substrate support mechanism on the basis of all the 
alignment completion signals . 

Controlling the substrate support mechanism and 
substrate retraction mechanism with the control component as 
above allows orientation flat or notch alignment of a 
plurality of substrates to be performed smoothly with a 
single rotary drive component. 
10 The invent iOB^' of Claim 21 is the semiconductor 

manufacturing apparatus according to Claim 16, wherein the- 

□ substrate support mechanism comprises a turntable, a 

"'J 

Id plurality af support poles erected on the turntable, a 

m 

Si substrat^ support component that is provided to each support 

m 

h15 pole ar/A supports the outer periphery of each of a plurality 

□ 

ilj of siibstrates, and a single rotary drive component that 
rot^rtes the turntable. 

More specifically, it is preferable for the substrate 
support mechanism to comprise a turntable, a plurality of 
20 support poles that are erected on the turntable and support 
a plurality of substrates, a plurality of substrate support 
components that are provided at a specific pitch in the 
axial direction of the various support poles, have tapered 
portions protruding in the inward radial direction of the 
25 turntable, and support the outer periphery of the substrates 
with these tapered portions, and a single rotary drive 
component that rotates the turntable on which the support 
poles are erected, and rotates all at once the plurality of 



□ 

ru 
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substrates stacked and supported on the plurality of 
substrate support components. 

Because only one turntable and one rotary drive 
component for rotating it are needed, the construction can 
be simpler. It is preferable for the substrate support 
components supporting the substrates to be constituted by 
three support pins having tapered portions that support the 
substrate outer periphery, but do not have to be pins as 
long as the contact surface area is small. 
10 The invention of Claim 22 is the semiconductor 

manufacturing apparatus according to Claim 19, wherein the 

□ 

i:3 substrate retiyaction mechanism comprises a base provided 
i,y such that it /can be raised or lowered, a lifting drive 

m 

''4 component f^r raising or lowering the base, a plurality of 
5I5 pick-up po^es that are erected on the base and pick up a 
plurality/ of substrates one at a time from the substrate 
P support /Component as the base is raised and lowered, and a 



1,^ 



substrate support component that is provided to each of the 
pick-up poles and supports the outer periphery of the 
20 subgxrate . 

More specifically, it is preferable if the substrate 
retraction mechanism comprises a base provided such that it 
can be raised or lowered, a lifting drive component for 
raising or lowering the base, a plurality of pick-up poles 
25 that are erected on the base so as not to interfere with the 
plurality of support poles and that temporarily pick up a 
plurality of substrates one at a time from the support poles 
as the base is raised and lowered, and a plurality of 
substrate support components that are provided to the 
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various pick-up poles at a specific pitch in the axial 
direction in order to pick up the plurality of substrates 
successively, starting with the lowest one, and that have 
substrate support components that protrude in the inward 
radial direction of the base and support the outer periphery 
of the substrates, pick up the substrates from the substrate 
support components of the substrate support mechanism when 
the substrate outer periphery is supported as the base is 
raised, and return the picked-up substrates as the base is 
lowered . 

The substrates can be retracted from the substrate 
support mechanism with the position of the substrates in the 
peripheral direction maintained, with a simple construction 
in which substrate support components are merely attached to 
pick-up poles. 

The invention of Claim 23 /s the semiconductor 
manufacturing apparatus according to Claim 22, wherein the 
substrate support component /has a turntable, a plurality of 
support poles erected on tne turntable, a substrate support 
component that is provided to each support pole and supports 
the outer periphery of Teach of a plurality of substrates , 
and a single rotary drive component that rotates the 
turntable, wherein the pitch PI of the substrate support 
components provide^ to the pick-up poles and the pitch P2 of 
the substrate sup^port components of the support poles 
satisfy the re:^tionship PI < P2. 

If the pitch PI of the substrate support components and 
the pitch P2 of the substrate support components satisfy the 
relationship PI < P2, then the plurality of substrates 
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supported by the substrate support components provided to 

the support poles can be successively picked up, starting 

from the lowest one, by the substrate support components 

provided to the pick-up poles. 

3U^\\ '^^^ invention/of Claim 24 is the semiconductor 

manufacturing apparatus according to Claim 23, wherein when 

n number of substrates are successively picked up one at a 

time by the pifck-up poles, the pitch PI of the substrate 

support components provided to the pick-up poles and the 

10 pitch P2 of/ the substrate support components of the support 

poles sat/sfy the relationship (n - 1)P1 > (n - 2)P2, 
□ ■ / 

If the above relationship is satisfied, then the 

'"•4 

W plurality of substrates supported by the substrate support 

1:0 

'"'4 components provided to the support poles can be successively 

cn 

ul5 picked up, starting from the lowest one, by the substrate 

Q 

ry support components provided to the pick-up poles. Also, 

\a 

when the support poles are rotated in a state in which the 

□ 

lU substrates have been picked up by the pick-up poles, there 
will be no interference between the substrates and the 

20 substrate support components provided to the support poles 
or the substrate support components provided to the pick-up 
poles . 

3^^^i^ "^^^ inven;6ion of Claim 25 is the semiconductor 

itianuf acturino^ apparatus according to Claim 16, wherein the 

25 detection s<^nsor is constituted such that it moves forward 
in the inward radial direction of the substrate when 
detecting the orientation flat or notch, and moves backward 
in the outward radial direction of the substrate when not 
detecting. 
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More specifically, it is preferable if the sensor is 
constituted such that it is provided so that it can move 
forward in the radial direction of the stacked and supported 
substrates, moves forward in the inward radial direction of 
5 the substrates and detects the orientation flats or notches 
of the substrates during the detection of the orientation 
flats or notches formed on the outer periphery of the 
substrates, and retracts in the outward radial direction of 
the substrates when not detecting, so that interference with 
10 the substrate support components is avoided. 

i"^ The derection sensor moves forward in the inward radial 

□ direction of the substrates and detects the orientation 

flats or notches of the substrates during the detection of 

m 

the orientation flats or notches formed on the outer 

m 

nl5 periphery of the substrates, and retracts in the outward 
fU radial direction of the substrates when not detecting, so 
S that interference with the substrate support components is 
jlj avoided. 

^U^^^SN '^^^ invention of Claini 26 is a semiconductor 

20 ^^^anuf acturing apparatus equipped with an orientation flat or 
notch alignment apparati/s that performs orientation flat or 
notch alignment for a plurality of substrates supported 
horizontally, where ii/ the substrate alignment apparatus 
comprises a pluraliyty of turntables provided in a stacked 
25 state and sharing /a common center of rotation, on each of 
which is placed cSne substrate, a plurality of substrate 
support components provided to the various turntables for 
supporting the/ outer periphery of the various substrates, a 
plurality of/rotary drive components for independently 
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tating each of the plurality of turntables, and a 
detection sensor for detecting the orientation flats or 




notches in ncm-contact fashion • 

Because there are a plurality of turntables on each of 
which is placed a single substrate, alignment can be carried 
out individually, facilitating control. 

The invention of Claim 27 is the semiconductor 
manufacturing apparatyfs according to Claim 26, further 
comprising a substrate retraction mechanism for retracting 
10 the substrates from/the substrate support components. 

\^ More specifically, in a semiconductor manufacturing 

□ 

1:3 apparatus equipped with a substrate alignment apparatus that 

Ly performs the alignment of a plurality of horizontally 

i;g 

%J supported substrates, the substrate alignment apparatus 

m 

J3I5 comprises a plurality of turntables provided in a stacked 
fy state and sharing a common center of rotation, on each of 

I; si: 

V which is placed one substrate, a plurality of substrate 
jiy support components attached to the various turntables and 

supporting the outer periphery of the plurality of 
20 substrates placed on the various turntables and having 
tapered portions formed at their support components, a 
plurality of drive components for independently rotating 
each of the plurality of turntables, a fixed sensor for 
detecting in non- contact fashion the orientation flats or 
25 notches formed at the outer periphery of the substrates 

supported by the tapered portions of the substrate support 
components, and a substrate retraction mechanism. 

Even if there are problems such as with the positional 
relationship between the substrates and the substrate 
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support components, the inclusion of this substrate 
retraction mechanism allows these problems to be solved 
without canceling out the orientation flat or notch 
alignment . 

The invention of Claim is the semiconductor 
manufacturing apparatus according to Claim 27, wherein the 
substrate retraction mechamism comprises a plurality of 
pick-up poles that are e^rected such that they can be raised 
or lowered, and a plurality of substrate support components 
10 that are provided to/ the each pick-up pole, support the 

substrate outer periphery and pick up the substrates from 

i 3 

m the substrate support components when raised, and return the 



'■'•4. 



□ 

m 



substrates thai: have been picked up to the substrate support 
components wh^en lowered. 



'if^ It is preferable if the above-mentioned substrate 

retraction mechanism has a base provided such that it can be 
raised or lowered, a lifting drive component for raising or 
lowering the base, a plurality of pick-up poles that are 
erected on the base and temporarily pick up a plurality of 
20 substrates from the substrate support components as the base 
is raised and lowered, and a plurality of substrate support 
components that are provided at a specific pitch in the 
axial direction to various the pick-up poles in order to 
pick up a plurality of substrates, pick up the substrates 
25 from the substrate support components of the turntables when 
the substrate outer periphery is supported as the base is 
raised, and return the picked-up substrates to the substrate 
support components as the base is lowered. 
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Even if there are problems such as with the positional 
relationship between the substrates and the substrate 
support components, the inclusion of this substrate 
retraction mechanism allows these problems to be solved 
without canceling out the orientation flat or notch 
alignment . 

The invention of Claim 29 is/the semiconductor 
manufacturing apparatus according to any of Claim 26, 
wherein the detection sensor /and the substrate support 
10 components are in a positiiemal relationship such that there 
is no contact when the s;abstrates are rotated. 
If the detection senso/ and the substrate support components 




□ 



are in a positional Relationship such that there is no 



contact, there will be no restriction on the rotation of the 



'fs substrate retractxon mechanism or turntables, allowing for 
53 free rotation, yor the orientation flats or notches can be 
i"^ easily detect;3d regardless of where the orientation flat or 



O notch positi/bn is, and orientation flat or notch alignment 
can be car/"ied out more smoothly. 



The invention of Claim 3f0 is the semiconductor 
manufacturing apparatus ac^rding to Claim 29, wherein when 
the detection sensor is ^an optical sensor, then the 
structure in which the/ detection sensor and the substrate 
support components are in a non-contact positional 
25 relationship is a ystructure comprising a turntable that is 

smaller in diameter than the substrates, a substrate support 
component protruding in the outward radial direction from 
the turntable and forming a support component that supports 
the outer ^periphery of the substrate, and an optical sensor 
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that is outside the turtitable in the radial direction and 
has a light receiviny^ component or light emitting component 
disposed on the bac^ side of the substrate outer periphery 
that protrudes oux from the smaller- diameter turntable when 
5 the substrate is/ supported by the substrate support 

component , and/ a light emitting component or light receiving 
component disposed on the front side of the substrate outer 
periphery opposite the light receiving component or light 
emitting ofomponent. 
10 When an attempt is made to detect the orientation flat 

or notch formed at the substrate outer periphery with an 

J 

3 optical sensor, if the diameter of the substrate is the same 

4 

jjj as the diameter of the turntable, then the turntable will 

iiO 

block the path of the light that has passed through the 

m 

..15 orientation flat or notch, so the orientation flat or notch 
|!y cannot be detected. Consequently, the diameter of the 

^'Z turntable is made smaller than the diameter of the substrate, 

••?•?» 

so that the outer periphery of the substrate placed on the 
turntable will stick out beyond the turntable in the outward 

20 radial direction. As a result, contact between the optical 
sensor and the substrate support component during turntable 
rotation can be eliminated with a simple construction in 
which the support component that supports the outer 
periphery of the substrate sticking out beyond the turntable 

25 is merely formed on the substrate support component. 
3 '^^^ invention of Glaim 31 is the semiconductor 

manufacturing apparatus according to any of Claim 26, 
wherein a rotary dpr^ve component for rotating the turntable 
is not disposed ybeneath the turntable. 
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The rotary drive component is a pulse motor, for 
example. If the rotary drive component and the turntable 
are linked by a belt pulley, for example, and the rotary 
drive component is disposed in parallel to the side of the 
5 turntable, then the thickness of the turntable and that of 
the substrate supported on the turntable will be absorbed 
within the height of the rotary drive component, so the 
apparatus can be more compact in the height direction than 
when the rotary drive component is disposed in series 
10 beneath the turntable. Because the rotary drive component 
is not placed beneath the turntable^ the apparatus can be 
shorter in height and more compact . 

The invention of Claim 32 is the semiconductor 
manuf acturinfg apparatus according to Claim 31, wherein 



m 

"4 

rotary drive components that are adjacent in the vertical 
;;ft direc1;4-on are disposed so as to have different centers of 



rotsniion. 




i:3 For rotary drive components that are adjacent in the 

vertical direction, interference between the rotary drive 

20 components can be avoided by staggering the rotary drive 

components so that the centers of rotation are different, so 
the spacing between turntables can be kept to within the 
desired spacing, and the apparatus can be made even more 
compact . 

The invention ybf Claim 33 is the semiconductor 
manufacturing api^ratus according to any of Claim 26, 
wherein the siijostrate support components are transparent. 
Transparent inembers are made up of members that are 
transpareiyt to the light handled by the optical sensor. 
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Because the substrate support components are 
transparent, even if the orientation flats or notches land 
on the substrate support component, the light will not be 
blocked by the substrate support component, allowing the 
orientation flats or notches to be detected. Therefore, 
there is no need to shift the substrate support components 
with respect to the. substrates should the orientation flats 
or notches land on the substrate support components, and 
this facilitates operation of the apparatus. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is an oblique view of the substrate alignment 
apparatus of the semiconductor manufacturing apparatus 
pertaining to the first embodiment; 

Fig. 2 is a front view of the same in the first 
embodiment ; 

Figs . 3A and 3b are front views of the main components 
in the first embodiment, with Fig. 3A illustrating the 
support poles and Fig. 3B the pick-up poles; 

Fig. 4 is a front view of the main components in the 
first embodiment, and illustrates the relationship between 
the pick-up poles and the wafers; 

Figs . 5A and 5B are diagrams of the relationship 
between the wafers and a sensor pole used for detecting 
notches in the first embodiment, with Fig. 5A illustrating a 
retracted state and Fig. 5B a state in which the sensors 
have been moved toward the wafers; 
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Figs . 6A and 6B are principle diagrams of the optical 
sensor pertaining to the first embodiment, with Fig.6A 
illustrating the positional relationship between the wafer 
and the optical sensor and Fig.6B being a curve of the 
5 change in the amount of light received by the light 
receiving elements; 

Figs- 7A and Fig. 7B consist of correlation diagrams of 
the support poles, pick-up poles, optical sensors, and 
wafers in the first embodiment, with Fig. 7A being a diagram 
10 of when the wafers are put in, and Fig. 7B when the support 

i"^ poles have been rotated 180"*; 

□ 

Figs. 8A,8B,8C and 8D consist of diagrams of the 
''-•'-^ operation of the pick-up poles in the first embodiment, with 
Fig, 8A being when the first wafer is aligned. Fig. 8B when 

m 

•'15 the first wafer that has been aligned is picked up. Fig. 8C 

□ 

when the second wafer that has been aligned is picked up, 

issss 



'5 and Fig. 8D when the fifth wafer that has been aligned is 

fU picked up; 

Fig. 9 is a block diagram of the control component that 
20 controls the mechanisms in the first embodiment; 

Fig. IDA is diagram of the interference between the 
support poles and the pick-up poles, and Fig. lOB is a 
diagram of the notch search regions of the wafer; 

Fig. 11 is a flow chart illustrating the operation of 
25 the first embodiment when the notch is within the specified 

angle 6 range; 
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Fig. 12 Is a flow chart illustrating the operation of 
the first embodiment when the notch is not within the 

specified angle 6 ranger- 
Figs. 13A,13B,13C and 13D are detailed diagrams of the 
5 individual processing step, where Fig. 13A is step 207, Fig. 
13B is step 209, Fig. 13C is Step 212, and Fig. 13D is step 
218; 

Fig. 14 is a diagram of how the notch positions are 
gradually shifted in the operation of the first embodiment 
10 when the notch is not within the specified angle 6 range; 
P Fig. 15 is an oblique view of the substrate alignment 

'''4 apparatus of the semiconductor manufacturing apparatus 

Ly 

tQ pertaining to the second embodiment; 

"■4 

lip Figs. 16A and 16B are cross sections illustrating the 

i:B5 drive system of the turntables in the second embodiment, 
with Fig. 16A being an embodiment in which the motor is 

Q disposed on the wafer side, and Fig. 16B a comparative 

m 

example of a direct -linkage type in which the motor is 
disposed opposite the wafer surface; 

20 Fig. 17 is a layout diagram illustrating the 

relationship between the support pins and the optical 
sensors for detecting notches in the second embodiment; 

Fig. 18 is a flow chart illustrating the operation in 
the second embodiment; 

25 Figs. 19A and 19B consist of diagrams of the second 

embodiment illustrating a case in which the notch position 
overlaps a support pin, with Fig. 19A being a plan view of 
the wafer and Fig. 19B an enlarged view of (A) ; 
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Figs. 20A and 20B consist of diagrams of the second 
embodiment illustrating interference between a tweezers and 
a support pin, with Fig. 20A being when the support pin is 
located in the forward path of the tweezers, and Fig. 20B 
when the turntable has return to its point of origin and the 
support pin is out of the forward path; 

Fig. 21 is an oblique view of the substrate alignment 
apparatus of the semiconductor manufacturing apparatus 
pertaining to the third embodiment; 

Figs. 22A and 22B consist of diagrams of the motor 
interference in the third embodiment, with Fig. 22A being a 
plan view and Fig. 228 a vertical cross section; 

Figs. 23A and 23B consist of diagrams of the substrate 
alignment apparatus in the third embodiment, with Figs. 23A 
being a plan view and Fig. 23B a vertical cross section; 

Fig. 24 is a vertical cross section of the main 
components, illustrating the pick-up mechanism in the third 
embodiment ; 

Figs. 25A and 25B consist of diagrams of the wafer 
being picked up in the third embodiment, with Fig. 25A being 
before pick-up and Fig.25B after pick-up; 

Fig. 26 is a diagram of the third embodiment 
illustrating the location where the turntable supports with 
respect to the support pin; 

Fig. 27 is a flow chart illustrating the operation of 
avoiding interference between a notch and a support pin in 
the third embodiment; 
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Fig. 28 is a flow chart illustrating the operation of 
avoiding interference between a tweezers and a support pin 
in the third embodiment; 

Fig. 29 is an oblique view of the main components in 
the third embodiment in which the support pin is made of a 
transparent member; 

Figs. 30A,30B and 30C consist of diagrams illustrating 
the layout of the substrate alignment apparatus in the 
semiconductor manufacturing apparatus of this embodiment, 
with Fig. 30A being a plan view, 30B a front view, and 30C 
an oblique view of a FOUP; ^ *- 

Fig. 31 is an oblique view of a specific substrate 
alignment apparatus of the semiconductor manufacturing 
apparatus of the first embodiment in a working example; 

Fig. 32 is a diagram illustrating interference between 
a pick-up pole and a tweezers in the working exeimple; and 

Fig. 33 is a diagram of the wafer strain in the working 
example . 

20 DESCRIPTT ON OF THE PREFERRKD EMBODIMENTS 

Embodiments of the present invention will now be 
described. The embodiments deal with a large 12 -inch wafer 
as the alignment substrate, but the present invention is not 
25 limited to a 12 -inch size. Also, a case in which the 

alignment mark on the substrate is a notch will be described, 
but this may be an orientation flat instead. Furthermore, 
the number of wafers whose notches are to be detected all at 
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once is five here, but is not limited to five, and may even 
be one. 

Figures 30A/30B and 30C illustrate a vertical 
CVD/dif fusion apparatus that is an example of a 
semiconductor manufacturing apparatus in an embodiment. 
Figure 30A is a plan view. Figure 30B is a front view, and 
Figure 30C is an oblique view of a FOUP (the substrate 
carrier) . Also illustrated is a substrate alignment 
apparatus 100 provided to this apparatus. The semiconductor 
manufacturing apparatus primarily consists of a transfer 
chamber 251 into and out of which wafers are transferred in 
FOUP units, a transfer cheunber 252 in which the wafers 104 
are exchanged between the transfer chamber 251 and a 
processing chamber 253, and this processing chamber 253 in 
which the wafers 104 are subjected to film formation or 
other such processing. The substrate alignment apparatus 
100, which is capable of aligning a plurality of substrates 
all at once, is located in the transfer chamber 252 in the 
center. Although not shown in the figure, the transfer 
chamber 251 is equipped with an I/O stage, a FOUP loader, 
and a FOUP rack (storage rack), and, as shown in the figure, 
is also equipped with a pod opener 255 that opens and closes 
the lid 254a of a FOUP 254. The design is such that when 
the lid 254a is opened to the FOUP 254, in which the wafers 
104 are placed horizontally, the 12-inch wafers 104 can be 
removed horizontally from inside the FOUP 254. 

The FOUP 254 holding the wafers 104 in a horizontal 
state is transferred from outside the apparatus into the 
transfer chamber 251, either manually or by a transfer 
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apparatus. It goes along a specific path and is brought to 
a position provided to the pod opener 255, where the lid 
254a is opened. The transfer chamber 252 is equipped with a 
wafer transfer unit 256 capable of transferring a plurality 
5 of wafers 104 all at once, and the substrate alignment 

apparatus 100 which aligns a plurality of wafers 104 all at 
once. A plurality of wafers 104 are moved from the open lid 
254a of the FOUP 254 into the substrate alignment apparatus 
100 all at once by a tweezers 257 of the wafer transfer unit 
10 256. 

M After substrate alignment, the wafers 104 removed from 

□ 

Q the substrate alignment apparatus 100 by the wafer transfer 
i.U unit 256 are transferred to a boat 263 in a boat pull-out 
Si position. The phrase "boat pull-out position" as used here 

i;.n 

::15 refers to the position (unloading position) where the boat 

□ 

jU 263 is pulled out from a reaction tube 258, and where wafer 

u 

.p charging and discharging is performed with respect to the 

i:y boat 263. The boat 263 also serves as a processing jig. 

The boat 263 loaded with the required number o£ wafers 104 

20 is transferred into the reaction tube 258 at the top of the 
processing chamber 253. After this, film formation, 
diffusion, oxidation, or other such processing is carried 
out in the reaction tube 258. Upon completion of this wafer 
processing, the boat 263 is lowered and transferred out of 

25 the reaction tube 258, the wafers 104 in the boat 263 are 

transferred from the processing chamber 253 to the transfer 
chamber 251 by the reverse operation from that described 
above (without going through the substrate alignment 
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apparatus 100, however), and are loaded into the FOUP 254 
and transferred out of the apparatus. 

In Figures 30A,30B and 30C, 259 is a transfer elevator^ 
260 is a transfer unit arm, 261 is a boat elevator, and 262 
is a boat arm. 

With the semiconductor manufacturing apparatus in this 
embodiment of the present invention, as mentioned above, the 
substrate alignment apparatus is equipped with the transfer 
chamber 252 in the center, and notch alignment is performed 
using the wafer transfer unit 256. More specifically, as 
mentioned above, a plurality of wafers 104 are taken out of 
the FOUP 254 and put into the substrate alignment apparatus 
100 all at once by the wafer transfer unit 256, and after 
notch alignment, the wafers 104 that have been taken out of 
the substrate alignment apparatus 100 by the wafer transfer 
unit 256 are transferred directly to the boat 263. After 
the required number of wafers 104 have been loaded into the 
boat 263, the wafer transfer unit 256 is in a free state. 
This state continues not only during processing, but also 
until the processed wafers 104 are removed from the boat 263. 
During this time, the drive system for portions other than 
the reaction chamber, such as the wafer transfer unit 256, 
the substrate alignment apparatus 100, and the pod opener 
255, can be moved freely, so this idle time can be utilized 
to perform notch alignment. 

More specifically, during this idle time (such as 
during film formation), a FOUP 254 carrying wafers 104 that 
have yet to undergo notch alignment is brought from the 
storage rack (not shown) to a position of the pod opener 255, 
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and the lid 254a is opened. A plurality of wafers 104 are 
transferred all at once from the open lid 254a of the FOUP 
254 into the substrate alignment apparatus 100 by the 
tweezers 257 of the wafer transfer unit 256. After notch 
5 alignment, the wafers 104 that have undergone notch 

alignment are loaded by the wafer transfer unit 256 from the 
substrate alignment apparatus 100 into the FOUP 254 located 
at the pod opener 255. This procedure is then repeated 
until notch alignment has been completed for all of the 
10 wafers 104 in the FOUP 254, at which point the lid 254a of 
the FOUP 254 is closed, and the FOUP 254 carrying the notch- 
aligned wafers 104 is returned to the storage rack (not 
shown) . This operation is performed as much as possible 
during the idle time of the wafer transfer unit 256. So 



□ 

Id 

"4 

m 

15 doing makes it possible for the notch-aligned wafers 104 to 

ru 



be transferred from the FOUP 254 to the boat 263 without 
going through the substrate alignment apparatus 100. 



^3 VThen the notch alignment of the wafers 104 is performed 

lU 

ahead of time as above, it is preferable for this 
20 information to be stored. If this is done, then a decision 
as to whether the notch alignment of wafers 104 to be 
transferred has already been performed can be made in the 
transfer of the wafers 104 on the basis of the above- 
mentioned information, and if the wafers 104 have already 
25 undergone notch alignment, then the wafers 104 can be 
transferred directly from the FOUP 254 to the boat 263 
without first going through the substrate alignment 
apparatus 100. Also, if the wafers 104 to be transferred 
have not already undergone notch alignment, the wafers 104 
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are transferred as mentioned above from the FOUP 254 to the 
substrate alignment apparatus 100, and then transferred to 
the boat 263 after notch alignment. Thus, in the transfer 
of the wafers 104, the appropriate wafer transfer path is 
automatically selected on the basis of the above-mentioned 
information, so there is no need for the user to be aware of 
whether the wafers 104 have already undergone notch 
alignment, nor is there any need for troublesome operations 
such as selecting the wafer transfer path to be performed. 

By thus utilizing the idle time of the wafer transfer 
unit 2 56 to perform the notch alignment of wafers 104 that 
have not yet been processed, those wafers 104 that have 
already undergone notch alignment can be transferred 
directly to the boat without going through the substrate 
alignment apparatus, allowing the notch alignment step to be 
skipped and achieving a corresponding increase in throughput. 

The substrate alignment apparatus 100 provided to the 
transfer chamber 252 will now be described in detail. 

FiT-st Em hmdlm^nt fFioures 1 to 14A , 1 4B , 14C , 14D and 1 4E) 

This is an example of a substrate alignment apparatus 
that detects and aligns the notches of five horizontal 
wafers all at once with a single motor. 

Figure 1 is an oblique view of the substrate alignment 
apparatus, and Figure 2 is a front view. The substrate 
alignment apparatus 100 comprises a pedestal 101, an annular 
base 102 elevatably provided over the pedestal 101, and a 
turntable 103 rotatably provided over the pedestal 101 and 
disposed above the annular base 102. 
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A plurality (five in the illustrated example) of wafers 
104 are supported horizontally and in a vertical stack with 
a specific spacing between them, with the substrate outer 
periphery 104b supported from below by a plurality (three in 
5 the illustrated example) of support poles 105 erected at 

specific angles around the outer periphery of the turntable 
103. 

The three support poles 105 are distributed in an 
approximate semicircle around the periphery of the turntable 
10 103, which is reversibly rotated by a motor 106 (serves as 
M the rotary drive component), and the direction in which 

.: «=, 

•!. * 

□ these poles are erected is parallel to the rotational axis 
Ijj of the turntable 103. Support pins 107, which serve as the 

'.J substrate support components that support the substrate 

):ri 

j: 15 outer periphery 104b of the wafers 104 from below, are 
m provided at a specific pitch in the lengthwise direction to 
^ these support poles 105 such that they project like arms in 
pji the inward radial direction of the turntable 103. Therefore, 
the wafers 104 are rotated by the turntable 103 while 
20 horizontally supported by the support poles 105. The 

turntable 103 is attached to the pedestal 101 via a support 
108, and the motor 106 that rotates the turntable 103 is 
provided inside the support 108. A plate 109 that covers 
the surface of the wafers 104 is provided at the top of the 
25 three support poles 105 so that particles will not cling to 
the surface of the wafers 104. 

The substrate support mechanism of the present 
invention primarily comprises the above-mentioned turntable 
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103, support poles 105, support pins 107, and motor 106 
(just one) . 

The five wafers 104 are picked up from the substrate 
support pins 107 by the raising of three elevatably (in the 
direction of arrow a) provided pick-up poles 110, starting 
with the first wafer 104 for which notch alignment is 
completed. After being picked up, the wafers 104 are 
returned to the substrate support pins 107 by the lowering 
of the pick-up poles 110. Here, the base 102 supporting the 
pick-up poles 110 will not rotate merely by the raising or 
lowering of the pick-up poles 110, so the angular position 
of the wafers 104 in the peripheral direction does not move 
(remains fixed) . 

Pick-up support pins 111, which serve as the substrate 
support components and pick-up the wafers 104, project like 
arms toward the rotational center, supporting the outer 
periphery 104b of the wafers 104 at a specific pitch in the 
lengthwise direction. As shown in the figures, these pick- 
up support pins 111 are provided in a number (such as five) 
corresponding to the number of wafers 104. The three pick- 
up poles 110 are laid out in inteirvals of about 120'' around 
the periphery of the base 102, which is raised and lowered 
by a slide mechanism 113 and a motor 112 attached to the 
pedestal 101, with the direction in which the pick-up poles 
110 are erected being parallel to the rotational axis of the 
turntable 103. 

This raising and lowering motion is carried out 
smoothly because of a guide 114 provided between the 
pedestal 101 and the base 102. The pick-up poles 110 are 
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provided such that they can move forward and backward in the 
radial direction (the direction of arrow b) in an erect 
state, moving backward and out of the way so as not to 
interfere with the support poles 105 when the wafers 104 are 
rotated, and moving forward during pick-up so that the pick- 
up support pins 111 reach the substrate outer periphery 104b. 
Accordingly, the pick-up poles 110 are attached to 
corresponding air cylinders 115 fixed to the base 102. 

The substrate retraction mechanism of the present 
invention primarily comprises the above-mentioned base 102, 
pick-up poles 110, pick-up support pins 111, air cylinders 
115, and motor 112. 

A sensor pole 117 having optical sensors 116 for 
detecting the notches 104a of the five wafers 104 supported 
on the substrate support pins 107 is provided to the 
substrate alignment apparatus 100. The sensor pole 117 is 
provided such that it can move backward and forward by a 
specific stroke in the radial direction (the direction of 
arrow c), just like the pick-up poles 110. VThen the notches 
104a of the wafers 104 are to be detected, the sensor pole 
117 moves forward so the optical sensors 116 can draw closer 
to the substrate outer periphery 104b without touching, and 
when there is no detection, the sensor pole 117 moves 
backward so as not to interfere with the support poles 105. 

As to the dynamic relationship of the support poles 105, 
pick-up poles 110, and sensor pole 117 here, the support 
poles 105 are rotatable (to the extent that there is no 
interference with the support poles 105 when the pick-up 
poles 110 move backward) , but do not move forward, backward. 
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up, or down, whereas the pick-up poles 110 do not rotate, 
but do move forward, backward, up, and down. Only backward 
and forward motion is permitted to the sensor pole 117. 

As to the mutual positional relationship, the support 
poles 105 and the pick-up poles 110 are disposed 
concentrically. The support poles 105 are disposed at 

intervals of about 90**, 90°, and 180** around the circle on 
the wafer outer periphery, whereas the pick-up poles 110 are 
disposed at intervals of about 120® around a circle further 
to the outside than the support poles 105. The wafers 104 
enter and exit through the space between the two support 

poles 105 that are 180° apart and are closer to the viewer 
in the figure. The wide black arrow is the direction of 
forward motion, and the opposite direction is the direction 
in which the wafers 104 are removed. The sensor pole 117 is 
disposed on the exact opposite side from the above-mentioned 
entrance/exit of the wafers 104, with the rotational axis of 
the turntable 103 in between. The reason the sensor pole 
117 is provided on the opposite side is to prevent it from 
getting in the way of entry and exit. The five wafers 104 
are put into and taken out of the substrate alignment 
apparatus 100 by the wafer transfer unit 256 (Figures 
30A,30B and 30C) in a horizontal state. 

As shown in Figure 3A, the support components 
supporting the wafers 104 of the five substrate support pins 
107 protruding from the support poles 105 have first tapered 
portions 118 with a relatively large taper angle. Second 
tapered portions 99 with a smaller taper angle than the 
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first tapered portions 118 are continuously formed at the 
lower part of the first tapered portions lis. 

The support faces of the first tapered portions 118 

have taper surfaces with an angle of 6 = 60°, which are 
termed first taper surfaces. The support faces of the 
second tapered portions 99 have taper surfaces with an angle 

of 9 = 6.6**, which are termed second taper surfaces. The 
first taper surfaces are used to correct the eccentricity of 
the wafers 104 by means of the latter 's own weight. The 
second taper surfaces support the outer periphery of the 
wafers 104. The wafers 104 are not in surface contact with 
the substrate support pins 107, and are instead in linear or 
point contact, which prevents particles from clinging to the 
backs of the wafers. The proper angle. for the second taper 

surfaces is 2° to 7°. In other words, the first tapered 
portions 118 of the substrate support pins 107 are 
eccentricity correcting tapered surfaces for correcting the 
eccentricity of the wafers 104, while the second tapered 
portions 99 are supporting tapered surfaces for supporting 
the outer periphery of the wafers 104. The taper angles 
given here are merely examples, and any angle can be used as 
long as the eccentricity of the substrate can be corrected 
and its outer periphery supported. A single type of tapered 
portion may also be used if the eccentricity correction and 
outer periphery support of the substrate can be accomplished 
at the same time. 

As seen in Figure 3B, a taper, albeit very slight, is 
aiso provided to the wafer bearing edjge isurfaces 119 
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supporting the wafers 104 on the pick-up support pins 111 of 
the pick-up poles 110. This tapering results in point 
contact, and prevents particles from clinging to the backs 
of the wafers as they are picked up. Just as with the 
second tapered portions 99 of the substrate support pins 107 

in Figure 3A, the proper angle of the tapered surfaces is 2° 
to 7^. 

There is no need for eccentricity correction at the 
pick-up support pins 111 of the pick-up poles 110 because 
10 the wafers 104 are placed there after notch alignment (after 



3 eccentricity correction), and these pins should be given a 

□ 

'•■J slight taper as mentioned above so as to reduce the contact 

ly 

surface area with the wafers in order to prevent particles 

"-^ 

iiri from clinging to the backs of the wafers. 

□15 Figure 4 illustrates the relationship between the pick- 

ru 

up poles 110 and the wafers 104. Illustrated is a state in 



which the air cylinders 115 fixed to the base 102 have been 
actuated and the pick-up poles 110 moved forward to the 
wafers 104 side. Because the pick-up poles 110 are raised 
20 by the raising of the base 102 via the slide mechanism 113 

by the motor 112, the wafers 104 can be picked up vertically 
by the pick-up support pins 111. 

Next, the optical sensors 116 will be described. 
Figures 5A and 5B are diagrams of the relationship between 
25 the wafers 104 and the sensor pole 117 to which are attached 
light emitting elements 116a and light receiving elements 
116b of the optical sensors 116. Figure 5A shows the sensor 
pole 117 retracted, while Figure 5B shows the sensor pole 
117 advanced in order to detect notch positions. 
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To detect the notches, an air cylinder 122 attached to 
a support stand 121 fixed to the pedestal 101 is actuated, 
which moves the sensor pole 117 from its retracted position 
(Figure 5A) in the direction of the arrow, and positions the 
5 optical sensors 116 over and under the substrate outer 

periphery 104b of the wafers 104 (Figure 5B) . If the wafers 
104 are rotated by a specific angle in this state, the 
substrate outer periphery 104b of the wafers 104 will pass 
through the spaces 123 between the light emitting elements 
10 116a and the light receiving elements 116b, which permits 
the detection of whether notches are present or not. VHiat 

H angular position the notches are in can be detected using an 

'''J ■ - . . 

^^'i angle signal from the position detecting encoder of the 

i;o 

'J motor 106. The notch angular positions of the wafers 104 
15 are stored in a memory device (not shown). After detection 

... • ■ 

lU of the notch angular positions, but before the pick-up 

i.jj- . ... 

;,p operation, the sensor pole 117 is retracted (Figure 5A) . 
fy The sensors and wafers will interfere with each other if the 
wafers are still inserted into the sensors when they are 
20 picked up, and this retraction is intended to avoid this 
interference. 

The principle of notch detection with the optical 
sensors 116 will now be described through reference to 
Figures 6A and 6B. Figure 6 A is an oblique view, and Figure 
25 6B is a curve of the change in the amount of light received 
by the light receiving elements. 

The optical sensors 116 consist of the light emitting 
elements 116a, comprising light emitting diodes or the like 
located above the substrate outer periphery 104b, and light 



53 



receiving elements 116b, comprising a CCD camera or the like 

located below the substrate outer periphery 104b. Light 125 

from the light emitting elements 116a is received by the 

light receiving elements 116b, and a change in the amount of 

5 this light is used to search for notches. When the wafers 

104 are rotated, the amount of light received at the light 

receiving elements 116b changes as shown in Figure 6B. When 

a notch l64a comes around, the light 125 from the light 

emitting element 116a which up to that point had been 

10 blocked by the substrate outer periphery 104b now passes 

through the notch 104a, so there is a sudden increase in the 

P amount of light received. The peak indicating this sudden 

jump in the amount of light received corresponds to a 
i;S ; 
''•I notched portion. Notch alignment can be accomplished, for 

iin 

'15 instance, by rotating the wafers 104, checking the distance 

u 

ru from the starting point of the first rotation to the notches 

u 

Ip 104a and the amount of light received at the light receiving 
ly elements 116b, and halting the rotation when the notches 
arrive at the light receiving elements 116b on the second 
20 and subsequent rotations. 

Next, the operation of the substrate alignment 
apparatus structured as above will be described through 
reference to Figures 7A,7B and Figures 8A,8B,8C,8D. Figure 
7A and 7B consist of plan views illustrating the behavior of 
25 the wafers 104 in the detection of the notches 104a, and 

Figure 8A,8B,8C and 8D consist of diagrams illustrating how 
the wafers 104 that have undergone notch alignment 
(indicated by hatching) are successively picked up when five 
wafers are subjected to notch alignment all at once. 
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Figure 7A shows the wafers being loaded. Five wafers 
are loaded all at once into the substrate alignment 
apparatus by the wafer transfer unit 256 in the direction of 
arrow a, and. the loaded wafers 104 are supported by the 
5 substrate support pins 107 of the support poles 105. The 

sensor pole 117 is disposed to the rear of the support poles 
105. The pick-up poles 110 are retracted away from the 
wafers 104. 

We will assume at this point that the angular position 
10 in the peripheral direction of the five notches 104a 
It supported by the substrate support pins 107 is within a 

'1 range of angle 9 flanking an extension line AO of the line 

LJ 

iQ connecting the position B of the optical sensors 116 and the 

(Ti rotational center O. A premise with this apparatus is that 

□ 15 the notches 104a are within a range of 9 = 60° (±30°). This 

m 

i* is because the wafers 104 handled by this apparatus have 

□ already gone through a washing step, and while the notches 

fU 

104a may shift somewhat during washing^ the positions of the 
notches 104a will never be completely random among the five 

20 wafers 104, and this shifting is generally considered to be 
±30"*, so the movable range of this apparatus was set at 60° 
(±30°) so as to cover this shifting. The movable range of 
this apparatus was set to a relatively narrow range here 
according to the shifting of the notches 104a in the washing 

25 step, but how much the apparatus can actually move is the 

range in which the support poles 105 and the sensor pole 117 
will not interfere with each other during notch detection, 
and the range in which the support poles 105 and the pick-up 
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poles 110 will not interfere with each other during notch 
alignment, which are determined by the shape, size, width 
positioning, and so forth of the support poles 105, pick-up 
poles 110, and sensor pole 117. 
5 When the turntable 103 is rotated by the motor 106 and 

the support poles 105 are moved from the state of the 
starting point position in Figure 7A, the five wafers are 
rotated 180*" counterclockwise as indicated by the arrow, 
resulting in the state shown in Figure 7B, which is the 
10 notch detection commencement position. The rotation may be 

□ in either direction, so the wafers may be rotated clockwise 

□ 

''4 instead. In short, it should be possible for the optical 

lU 

i:g sensors 116 to detect the notches. As a result, the support 

i;n poles 105 arrive at the position shown in Figure 7B, and the 

:;315 notches 104a approach the optical sensors 116. Because the 

ril 

u pick-up poles 110 are fixed in their motion in the 

i'5 peripheral direction, there is no change in the angular 

position. Nor is their any change in the angular position 
of the optical sensors 116 in the peripheral direction. 
20 When the optical sensors 116 are moved toward the wafers 104 
in this state, the optical sensors 116 go from the dotted 
line position to the solid line position. At this point the 
motor 106 is rotated, the angular positions of the notches 
104a of the wafers 104 are checked all at once, and the 
25 resulting information about angular position is stored in a 
memory device. The angular position can be detected using 
an angle signal from the position detecting encoder of the 
motor 106. 



56 



The operation of successively aligning the notches 104a 
of the wafers 104 with the line OB on the basis of the 
above-mentioned angular position data will now be described. 
The discussion here will be focus on aligning the notches 
5 104a with the line OB, but the notches 104a can instead be 
aligned with any other position desired. 

If the notch 104a of the first wafer 104 is to the left 
of the optical sensor 116, as seen in Figure 7B, then the 
wafers 104 are rotated clockwise on the basis of this 
10 angular position data to align the notch 104a at the 
h position of the line OB, and the rotation of the motor 106 
Ti is then halted. This completes the first notch alignment. 
Figure 8A illustrates a state in which the notch in the 
lowest wafer 104 (indicating by hatching) of the five wafers 
;!=:^15 104 has been aligned with the line OB, after which the pick- 
up poles 110 are moved in the inward radial direction of the 
wafers, and the pick-up support pins 111 are slid under the 
outer periphery 104b of the wafers 104. As shown in Figure 
8B, the pick-up support pins 111 are raised by the slide 
20 mechanism 113 so that the first wafer 104 that has undergone 
notch alignment is picked up and moved away from the 
substrate support pins 107 of the support poles 105. 

Next, in a state in which the first wafer 104 from the 
bottom has been picked up, the support poles 105 are rotated 
25 and the notch 104a of the second wafer 104 from the bottom 
is aligned with the line OB on the basis of the detected 
angular position data. Once the second notch alignment is 
complete, the second wafer 104 is picked up by the pick-up 
support pins 111 as shown in Figure 8C. Similarly, notch 
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alignment and the picking up of the wafers is repeated in 
order for the third, fourth, and fifth wafers. Figure 8D 
shows a state in which the last wafer 104 has been picked up 
by the pick-up support pins 111 of the pick-up poles 110. 
In this manner all of the wafers 104 are transferred from 
the substrate support pins 107 to the pick-up support pins 
111. At the point when the above operation is complete, the 
notches 104a of all the wafers 104 are on the line OB. 

When the first wafer is to be aligned, the pick-up 
poles 110 are retracted so the support poles 105 are able to 
rotate freely without inferring with the pick-up poles 110. 
However, after the pick-up poles 110 are set in the position 
where the wafers can be picked up, the wafers 104 are 
limited to a rotational range (0) such that there is no 
interference between the support poles 105 and the pick-up 
poles 110 in order that the picked-up state will be 
maintained and the notch alignment of the next wafer 104 can 
be performed. This range, however, must be at least large 

enough to cover ±30*^, since that is how much the notches may 
shift in the washing process. As to the timing at which the 
pick-up poles 110 are set in the position where the wafers 
can be picked up, it may be after the notch position has 
been detected but before the notch alignment is performed 
for the first wafer. 

As discussed above, to pick up the wafers 104 one at a 
time after they have undergone notch alignment, the pitch Pi 
of the pick-up support pins 111 of the pick-up poles 110 and 
the pitch Pj of the substrate support pins 107 of the . , 
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support poles 105 must at least be in the following 
relationships in Figures 8A,8B,8C and BD. 

Pi < P2 (1) 
4Pi > 3P2 (2) 
Formula 2 here holds true when the notch alignment is 
performed for five wafers. VHien the notch alignment is 
performed for n number of wafers , Formula 2 is as follows . 
(n - l)Pi > (n - 2)P2 (3) 
Actually, when P^ and Pj are determined, wafer bending 
and the spacing between the wafers 104 and the substrate 
support pins 107 and pick-up support pins 111 must "also be 
taken into account. For instance, if the wafer bending is 

0.3, then when the spacing AL between the substrate support 
pins 107 and substrate support pins 107 at the lowest level 
shown in Figure 8A is equal to 2 mm, P^ ^ 19 mm, Pj = 23 mm, 
and the pick-up pitch = 4 mm. This will be described in 
detail in the examples given below. 

Upon completion of the above series of operations, the 
three support poles 105 are away from the position shown in 
Figure 7B because of the repeated notch alignment operations. 
Thus, the turntable 103 is rotated here to return the 
support poles 105 to the positions they have in Figure 7B. 
Next, the pick-up poles 110 are lowered, and all five of the 
wafers 104 are returned to the substrate support pins 107 of 
the support poles 105 from the pick-up support pins 111. 
After this return, the pick-up poles 110 are retracted to 
the outside of the wafers 104. If the support poles 105 are 
rotated 180*" in this state, they return to their original 
starting point position shown in Figure 7A. At this point 
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the five wafers 104 are removed all at once from the 
substrate alignment apparatus 100 by the wafer transfer unit 
256. 

In the above description, we assumed a state in which 
5 the angular position of the notches 104a of the five wafers 
supported by the substrate support pins 107 was limited to a 

range of the angle 6 = 60'' flanking the extension line AO of 
the line connecting the position B of the optical sensors 
116 and the rotational center O. However, it is also 
10 conceivable that the notches 104a will not be within the 
specified angle 6 range, so this method must be universal 
enough that notch detection is possible even when the 
notches 104a are outside the specified angle 0 range. 
Furthermore, interference between the support poles 105 and 



'4 

m 
□ 

rylS the pick-up poles 110 occurs when the wafers 104 supported 



on the support poles 105 are rotated in a state in which any 
wafer 104 has been picked up by the pick-up poles 110, so 
limitations imposed by this interference must also be 
considered. 

20 This problem of interference between the support poles 

105 and the pick-up poles 110 will be described through 
reference to Figure lOA. Vrtien the wafers 104 are finally 
placed on the pick-up poles 110, we want the notch positions 
of the various wafers 104 to arrive at the notch alignment 

25 position (optical sensor position) S. If the notch 

positions of the wafers 104 on the support poles 105 at this 
point are not within the range of 9 = 60** as shown in Figure 
lOA, the notches 104a cannot be moved to the notch alignment 
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position S. This is because, there is a limited range of 
motion in the wafer peripheral direction in the notch 
alignment operation with this apparatus . In this notch 
alignment operation, the pick-up poles 110 must be moved 
5 from the retracted position shown in Figure 7B in the inward 
radial direction of the wafers, and set in a position that 
allows pick-up, as shown in Figure lOA. Accordingly, the 
ra.nge over which the support poles 105 can move in the wafer 
peripheral direction is limited to the range in which there 
10 is no interference between the support poles 105 and the 
1=3 pick-up poles 110. In this apparatus , plenty of room is 

left between the support poles 105 and the pick-up poles 110, 
and the movable range is determined so as to cover at least 



m 

SJ 

jlfS the notch shifting (±30°) that occurs in the washing process 



pl5 An apparatus that solves the above problems and which 
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is able to accommodate notches 104a outside the specified 
angle 0 range will now be described. First, the region of 
this apparatus in which a search for notches can be 
performed, and the region in which this search cannot be 
20 performed will be described through reference to Figure lOB. 
The wafers 104 are supported by three support poles 105 
disposed at approximate intervals of 180°, 90°, and 90°. 
When a search is conducted for the notches 104a of the 
wafers 104, the sensor pole 117 must be moved from its 
25 retracted position in the inward radial direction of the 
wafers and set in a position that allows a search for 
notches, as shown in Figure lOB. Therefore, on the wafers 
104 are formed three searchable regions ki to R3, which are' 
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bounded by the support poles 105 and in which a search for 
the notch position can be performed within a range such that 
there is no interference between the sensor pole 117 and the 
support poles 105, and three unsearchable regions Dl to D3, 
5 which are near the support poles 105 and in which a search 
for the notch position cannot be conducted because the range 
of motion is limited so that there will be no interference 
between the sensor pole 117 and the support poles 105 • The 
ranges of the notch position searchable regions Rl to R3 are 
10 148°, 81°, and 81°, respectively. The ranges of the notch 
□ position searchable regions given here are just examples, 
'"4 and can be further widened by modifying, for example, the 
i:8 width and shape of the support poles 105 and the sensor pole 
i:n 117, or the clearance between these poles in order to avoid 
□15 interference between the poles . 

ru 

U The notch alignment method will now be briefly 

-£ ■ 

described. First, a search for a notch 104a is conducted in 

rll 

the 148*", 81°, and 81° searchable regions Rl to R3 of the 
wafers 104. If no notch is found, it means the notches 104a 

20 are somewhere in the unsearchable regions Dl to D3. In this 
case, all the wafers are temporarily picked up by the pick- 
up poles 110, just the support poles 105 are rotated by a 
specific angle, and the wafers 104 are returned onto the 
support poles 105. This operation allows the notch 

25 positions to be shifted with respect tot he support poles 
105, moving the notches 104a from the unsearchable regions 
into one of the searchable regions Rl to R3 . After this, 
the searchable regions Rl to R3 are searched again. After 
the notches have been detected for all the wafers 104, the 
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next step Is to align the notches 104a at the specified 
location. First, a decision is made as to whether the notch 
positions are within the 0 range. This decision is made 
according to the angular position data for the notches 104a 
5 that has been detected and stored. If the notch positions 

are within the 6 range, the wafers 104 are rotated so that 
the notches 104a come to the notch alignment position S, and 
are placed on the substrate support pins 107 . If the 
notches 104a are outside the 6 range, then they cannot be 

UlO moved to the notch alignment position S by a single rotation 

i:3 ■ - 

□ due to limitations of the movable range, so the notch 

ly positions are shifted a little at a time. Specifically, to 

=^ shift the notch positions, the wafers 104 are temporarily 

picked up, the support poles 105 are rotated by the 
ryl5 specified angle in the direction opposite to the direction 

i in which the notch positions are moved, the wafers 104 are 

■•'==3 

[iji returned to the support poles 105, and the support poles 105 
are rotated by the specified angle so that the notch 
positions will approach the notch alignment position S. 

20 This procedure is repeated until the notch positions enter 
the 6 range, at which point the notches 104a can be aligned 
to the notch alignment position S. Here, the notches 104a 
are moved in the direction of the shortest path. 
Specifically, in Figure 10 (a), the notches 104a are moved 

25 clockwise if they are on the right side, and are moved 

counterclockwise if on the left side. In this figure, the 
notches 104a are on the left side, so they are moved 
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counterclockwise. The above-mentioned shortest path is 
selected according to the stored angular position data* . 

Figure 9 is a block diagram of the control component 
that controls the mechanisms for performing the above- 
5 mentioned notch alignment. The control component comprises 
a control circuit 150, drivers 151 and 152, and 
electromagnetic valves 153 and 154, and has the following 
functions . 

The rotation of the motor 106 of the substrate support 
10 mechanism is controlled in order to rotate a plurality of 

substrates all at once and detect the notches of the various 

H substrates , 

''4 

'^^ (a) the rotation of the motor 106 of the substrate 

""J support mechanism is controlled in order to perform wafer 

15 alignment (notch alignment) one wafer at a time on the basis 

!U of the notch detection values for the various wafers, 

.:p (b) an individual alignment completion signal is 

C3 

iU outputted when the alignment of a single wafer 104 is 
complete , 

20 (c) the motor 112, slide mechanism 113, and air 

cylinders 115 of the substrate retraction mechanism are 
controlled in order to successively retract the wafers 104 
that have undergone alignment from the substrate support 
mechanism one at a time on the basis of the individual 

25 alignment completion signals, 

(d) the control of (a) to (c) is performed for the 
remaining wafers 104 after the retraction of the wafers 104 
that have undergone alignment. 
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(e) an overall position completion signal is outputted 
when alignment is completed for all the wafers, 

(f ) the rotation of the motor 106 of the substrate 
support mechanism is control so that the substrate support 
mechanism will be returned to its initial state prior to the 
notch detection, while all the aligned substrates are still 
retracted by the substrate retraction mechanism, and 

(g) the motor 112, slide mechanism 113, and air 
cylinders 115 of the substrate retraction mechanism are 
controlled in order to return to the substrate support 
mechanism all of the plurality of aligned wafers that had 
been retracted. 

Figures 11 to 13 illustrate the details of the flow in 
the above series of operations related to the above- 
mentioned control component. 

Five wafers 104 are put all at once into the substrate 
alignment apparatus 100 by the wafer transfer unit 256 and 
transferred onto the three support poles 105 (step 201). 
After this transfer, the support poles 105 are rotated 180° 
up to the notch detection commencement point for notch 
detection, changing the state in Figure 7A to the state in 
Figure 7B (step 202). The sensor pole 117 is moved forward 
until the optical sensors 116 reach the positions where 
notches can be detected (step 203). Everything up to this 
point is notch detection preparation. 

The next step is performing notch detection for the 
searchable regions. Specifically, the notches 104a are 
searched for all at once for the five wafers 104 with 
respect to the range with an angle of 148'' (first region Rl) 
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between the support poles 105 (step 204 )• After notch 
detection, the sensor pole 117 is retracted and the sensors 
116 moved away (step 205). The reason for this is to avoid 
interference with the support poles 105 during the 

5 transition to searching other regions, and to avoid 

interference with the wafers 104 when they are picked up. 

At this point a decision is made as to whether the 
notches 104a of all the wafers 104 have been detected (step 
206). If they have, the flow moves on to step 213, and the 

10 substrate support pins 107 are inserted at the positions 
where pick-up is possible. If they have not all been 
detected, the flow moves to step 207, and notch detection is 
performed for the next region of the wafer with an 81"* angle 
(the second region R2). A decision is made as to whether 

15 the notches 104a of all the wafers 104 have been detected 
(step 208). If they have, the flow moves on to the above- 
mentioned step 213. If they have not, the flow moves to 
step 209, and notch detection is performed for the remaining 
region of the wafer 104 with an angle of 81*" (the third 

20 region R3 ) . 

A decision is made as to whether the notches of all the 
wafers have been detected (step 210). If they have, the 
flow moves on to the above-mentioned step 213. If they have 
not, it is assumed that the notches 104a are in one of the 

25 above-mentioned three unsearchable regions Dl to D3, the 
flow moves to step 211, and the pick-up poles 110 are 
inserted at the positions where pick-up is possible. The 
notch positions are shifted with respect to the support 
poles so that the notches 104a that were in the unsearchable 
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regions Dl to D3 will enter the searchable regions Rl to R3 
(step 212). After the notches 104a that were in the 
unsearchable regions are thus moved into the searchable 
regions, the flow returns to step 203, and the above- 
mentioned series of notch detection operations (steps 203 to 
210) are once again carried out for the searchable regions. 
The above procedure allows the notches 104a of all the 
wafers 104 to be detected. 

Once the notch positions for all the wafers 104 have 
been detected, the pick-up poles 110 are inserted into the 
positions where pick-up is possible as mentioned above (step 
213), and after this step 213 is complete, the flow moves on 
to step 214 in order to carry out notch alignment and pick- 
up. At this point, a decision is made as to whether the 
notch position of the lowermost wafer 104 which has yet to 
be picked up is within the 6 (60°) range (step 214). This 
decision is made using the stored notch angular position 
data. If the position is within the 9 range, then the 
relative position of the notch 104a with respect to the 
support poles is shifted the required amount so that the 
notch 104a will enter a region within the 9 range (step 218), 
and the flow returns to the above-mentioned step 214. 

If the position is within the 9 range, the support 
poles 105 are rotated such that the notch position of the 
lowermost wafer 104 which has yet to be picked up is at the 
notch position S that is ultimately desired (step 215). The 
wafer 104 that has undergone notch alignment is then picked 
up (step 216). Next, a decision is made as to whether there 
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are any wafers 104 that have yet to be picked up (step 217). 
If there are, the flow returns to the above-mentioned step 
214, and steps 214 to 217 are repeated until all of the 
wafers have been picked up. 
5 Once all of the wafers have been picked up, the flow 

moves on to step 219, at which point the support poles 105 
are rotated such that they are in the notch detection 
commencement position (the state in Figure 7B) while the 
wafers 104 are still picked up by the pick-up poles 110. 
10 After this, the wafers 104 on the pick-up poles 110 are 
1'^ placed on the support poles 105 (step 220), and the pick-up 

□ poles 110 are retracted (step 221). The support poles 105 

"J 

are then rotated to their starting point positions and 

m 

■4 returned to the positions shown in Figure 7A (step 222). 

H 15 Finally, the wafers are removed by the wafer transfer unit 

□ 

fU 256 (step 223) . 

,p The individual processing steps 207, 209, 212, and 218 

ijj mentioned above will now be described in detail through 
reference to Figures 13A,13B,13C and 13D. 
20 (a) Step 207 (notch detection in second region) 

First the individual processing step 207 will be 
described in detail through reference to Figure 13A. The 
support poles 105 are rotated the required amount so that 
the second region of the wafers 104 becomes searchable (step 
25 2071). The optical sensors 116 are inserted (step 2072), 
and a search is made for notches 104a only for undetected 
wafers with respect to the 81"* range of the wafers 104 
between the support poles 105 (step 2073). After this 
search, the optical sensors 116 are retracted (step 2074). 
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(b) Step 209 (notch detection in third region) 
Next the individual processing step 209 will be 

described in detail through reference to Figure 13B. The 
support poles 105 are rotated the required amount so that 
5 the remaining third region of the wafers 104 becomes 
searchable (step 2091). The optical sensors 116 are 
inserted (step 2092), and a search is made for notches 104a 

only for undetected wafers with respect to the 81"* range of 
the wafers 104 between the support poles 105 (step 2093). 
10 After this search, the optical sensors 116 are retracted 
(step 2094) . 

(c) Step 212 (shifting the positions of notches in the 

I.U 

I'Q unsearchable regions so that they enter the searchable 
i;n regions ) 

"«15 Next the individual processing step 212 will be 

described in detail through reference to Figure 13C. The 
:;t wafers 104 on the support poles 105 are picked up by the 
pick-up poles 110 (step 2121). After this, the support 
poles 105 are rotated the required amount so that the 
20 notches 104a move from the unsearchable regions to the 

searchable regions (148°, 81°, and 81°). Here, for those 
wafers whose notches have been detected, the data is 
corrected such that the amount of rotation here will be 
reflected in the detected notch position data. In specific 
25 teirms, the amount of rotation is added to the detected notch 
position data (step 2122). The above-mentioned specific 
amount that the support poles 105 are rotated is at least 
(360** - (148° + 81° + 81°))/3 = 16.7°. After this specific 



69 



ru 



amount of rotation, the pick-up poles 110 are lowered and 
the wafers 104 returned onto the support poles 105, and the 
pick-up poles 110 are retracted (step 2123)- 

(d) Step 218 (putting the notches of the wafers in a 

5 region within the 0 range) 

At the end the individual processing step 218 will be 
described in detail through reference to Figure 13D. The 
lowermost wafer 104 on the support poles 105 which has yet 
to be picked up is picked up by the pick-up poles 110 and 
10 retracted (step 2181). The support poles 105 are rotated 
the required amount in the direction opposite to the 
direction in which the notches 104a are moved (step 2182), 
1,^ the pick-up poles 110 are lowered, and the wafers picked up 
1'^ in the previous step are returned onto the support poles 
!Ul5 (step 2183). After this, the support poles 105 are rotated 
i^' SO that the notches 104a will go from the notch positions to 
•f the notch alignment position in the direction of the 

shortest path (clockwise or counter-clockwise) (step 2184). 
As mentioned above, the shortest path is determined by the 
20 stored angular position data for the notches 104a. 

Specifically, in Figure lOA, the notches 104a are rotated 
counterclockwise if they are on the left side, and clockwise 
if on the right side. After this, the flow returns to step 
214, and a decision is made as to whether the notch position 
25 is within the 8 range. If not, steps 2181 to 2184 are 

carried out again, and these steps are repeated until the 
notch position is within the 6 range. 
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Figures 14A,14B,14C and 14D illustrate how the wafers 
104 that have undergone notch position detection in steps 
214 to 218 are rotated the required eunount and the notch 
positions 104a are aligned on the line OB (see Figures 7A 
5 and 7B). The dotted lines in the figures express the 

rotational transition of the support poles 105, while the 
one- dot chain lines are lines passing through the wafer 
center and the notch 104a, and express the rotational 
transition of the wafers 104. The reason these dotted lines 
10 and one-dot chain lines have been drawn on the wafers 104 is 
j:f to facilitate an understanding of the rotational transition 
^3 of the wafers with respect to the support poles. When this 
operation is actually carried out, the pick-up poles 110 are 

(0 

'''4 inserted in the inward radial direction of the wafers, but 

!* r-s 

5= 15 to make the operation easier to understand, the figures are 
fU drawn with the pick-up poles 110 in a retracted state. 

After notch position detection of all the wafers 104, a 
ly decision is made as to whether the notch position of the 
wafer 104 about to undergo notch alignment (the lowermost 
20 wafer 104 which has yet to be picked up) is within the 9 

range, using the stored angular position data. If the notch 
position is outside the 9 range, a decision is made as to 
whether it is on the left or right side of the line AB (see 
Figure 7A and 7B), again using the stored angular position 
25 data. If it is on the right side, the wafer 104 is rotated 
the required amount counterclockwise, or clockwise if on the 
left side, and the shortest path is taken in moving the 
notch 104a onto the line OB. 
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In the initial state (after notch detection and before 
notch alignment), we will assume that the notch position of 
the wafer 104 is at the lower left (Figure 14A) . In this 

case, since the notch 104a is not within the 0 range and is 
to the left of the line AB, the wafer 104 is rotated 
clockwise by the required amount so that the notch 104a will 
be moved by the shortest path onto the line OB. The wafer 
104 is temporarily picked up, and Just the support poles 105 
are rotated the required amount counterclockwise, which is 
the direction opposite to the direction in which the notch 
104a is moved. Therefore, the notch position of the wafer 

104 does not move with this operation (Figure 14B). The 
wafers 104 are returned to the support poles 105, and the 
support poles 105 (that is, the wafers 104) are rotated 
clockwise by the required amount. This moves the notch 
position clockwise by the required amount (Figure 14C) . The 
wafers 104 are once again picked up and the support poles 

105 rotated by the required amount counter-clockwise, which 
is the direction opposite to the direction in which the 
notch 104a is moved (Figure 14D) . The wafers 104 are 
returned to the support poles 105 and rotated clockwise. 
This moves the notch position further around to the right 
(Figure 14E). Thus, the notch position is shifted to within 
the 6 range and finally aligned on the line OB. 

In the description up to this point, the wafers 104 
were first temporarily picked up and just the support poles 
105 were rotated by the required amount in the direction 
opposite to the direction in which the notches were shifted, 
but the support poles 105 may also be rotated in the 
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direction in which the notch positions will reach the line 
OB by the shortest path, with the wafers 104 resting on the 
support poles 105 prior to the above operation. 

In the first embodiment, the turntables used for wafer 
5 placement and required for each wafer are eliminated, and in 
their place the support poles 105 are provided for 
supporting the wafers, and pick-up poles are provided so 
that notch-aligned wafers can be retracted, so notch 
alignment can be performed for a plurality of wafers all at 
10 once. Also, if the substrate outer periphery 104b is 
supported with the tapered portions 39 during notch 

■13 alignment, the support will be in a state of linear or point 

4 

iU contact, so the contact surface area will be small, fewer 

(0 

%J particles will be generated than when the backs of the 

iin 

u 15 wafers are vacuum chucked, and furthermore, since it is the 
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substrate outer periphery 104b that is being supported, 
^ there will be a marked reduction in the clinging of 
ly particles to the backs of the wafers. 

Even with the substrate alignment apparatus of the 
20 above first embodiment, however, the operation is still 

fairly complicated and alignment is not very fast. Another 
problem is that the apparatus height is increased by 
disposing the motor 106 and other such drive components 
under the wafers 104. In view of this, the second 
25 embodiment described below solves these problems by 
introducing an individual turntable system. 

Sftnond Kmbodiment f Figures 15 to 18) 
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This Is a substrate alignment apparatus having five 
motors corresponding to the number of wafers, and is capable 
of detecting the notches of all five wafers with almost no 
contact with the wafers. 

As shown in Figure 15, the substrate alignment 
apparatus is equipped with a housing 300 having five shelves 
301 to 305 (including a top plate 301) and a bottom plate 
306, and has an open design in which the two front sides of 
the housing 300 are open. Turntables 307 with a common 
rotational center are attached to the top sides of the five 
shelves 301 to 305, allowing the notches of the five wafers 
to be detected. The turntables 307 are capable of 
independent rotary drive, and their drive mechanisms consist 
of timing belts 308 and motors 309. The motors 309 are 
provided to the side, rather than under the turntables 307. 
In addition to functioning as attachment plates for the 
turntables 307, the shelves 301 to 305 also function as 
barriers for preventing any particles that might be 
generated from clinging to the surface of the next lower 
wafer. The corner sections at the front of the shelves 301 
to 305 are cut off, and serve as the loading and unloading 
point for the wafers. 

As to how the motors 309 are attached in the 
illustrated example, they are split up and disposed on the 
front and back sides of the shelves 301 to 305 or on the 
left and right of the housing 300, the reason being that the 
length of the motors 309 requires them to be disposed so 
that they take up as little space as possible. The spacing 
between the turntables here is kept to within 30 mm. 
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Three support pins 310 are attached at approximately 
120® intervals around the outer periphery of the top sides 
of the turntables 307 such that the outer periphery of the 
wafers can be supported. Optical sensors 311 are attached 
5 at the backs of the shelves 301 to 305 (the opposite side 
from where the wafers are loaded) , allowingf the notch of 
each of the five wafers supported on the support pins 310 to 
be detected. 

Figures 16A and 16B are side views illustrating the 
10 details of the drive system of the turntables 307. Figure 
□ 16A is an embodiment (corresponding to the uppermost level) 

■-4 in which the motor 309 is provided to the side of the 

I J 

(0 turntables 307, and Figure 16B is a comparative diagram in 

lin which the motor 309 is provided directly beneath the 

;:□ 15 turntables 307. To facilitate comparison. Figure 16B is 

lU 

turned upside-down, 
n As shown in Figure 16A, a pulley 313 is fitted to the 
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rotary shaft 314 of the turntable 307, a pulley 312 is 
fitted to the drive shaft 315 of the motor 309, and a timing 

20 belt 308 is provided between the pulleys 312 and 313. The 
timing belt 308 follows along the space between the 
turntable 307 and the shelf 301. If the motor 309 is 
provided to the side of the turntable 307, and the rotary 
shaft 314 and the drive shaft 315 are arranged in parallel, 

25 then part of the height (thickness) of the motor 309 

including the drive shaft 315 can be accommodated within the 
thickness of the turntable 307, and the apparatus height La 
can be lowered and the apparatus made more compact because 
the drive shaft 315 and the rotary shaft 314 do not need to 

75 



be connected serially. In contrast, if the motor 309 is 
below the turntable 307 as shown in Figure 16B, then the 
connection length of the drive shaft 315 of the motor 309 
and the rotary shaft 314 of the turntable 307, and the 
height of the motor 309 protrude fully as the height of 
these parts , making the apparatus height Lb taller and the 
apparatus bulkier. 

Figure 17 is a detail view of the above-mentioned 
optical sensors 311 and support pins 310. The optical 
sensor 311 has a cross section with a square indentation on 
the side, and the outer periphery 104b of the wafer 104 fits 
into the opening 316 that is this indentation. A light 
emitting element 311a is provided above the indentation, and 
a light receiving element 311b below, and the design is such 
that there is a change in the amount of light received by 
the light receiving element 311b when the notch arrives at 
the opening 316, allowing the notch position to be detected. 

The diameter of the turntable 307 is slightly smaller 
than the diameter of the wafer 104 placed thereon, and the 
support pins 310 protrude out from the outer periphery of 
the turntable 307 in the outward radial direction so as to 
support the outer periphery 104b of the wafer 104. Forming 
the support pins 310 that support the outer periphery 104b 
of the wafers 104 in this manner eliminates any interference 
between the support pins 310 and the optical sensors 311, so 
the wafers 104 can be rotated without restriction and notch 
alignment can be performed faster and more easily. 

The support surfaces of the support pins 310 on which 
the wafers 104 are supported have tapered portions 317, 
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which allow the wafer center to be aligned more easily with 
the center of rotation of the turntables 307, allowing any 
eccentricity of the wafers 104 to be corrected automatically. 
Also, supporting the substrate outer periphery 104b on the 
5 tapered portions 317 prevents particles from clinging to the 
backs of the wafers. 

As shown in the figure, the support pins 310 have an 
approximate L- shape, and are attached to the outer periphery 
of the turntable 307 in a position in which they are turned 
10 sideways with the bent section 318 facing down. The 

depression of this L-shaped bent section 313 serves as a 

'3 recess for the protruding light receiving element 311b of 
the optical sensor 311. Forming this recess allows the 

>l facing distance to be shortened between the light emitting 

' 15 element 311a and the light receiving element 311b, so the 

i y apparatus can be more compact . 

=5 The above-mentioned recess is not essential, however. 

C3 

ry If there is no sensor recess on the back side, then there 
should be no interference of the support pins 310 between 

20 the light emitting element 311a and the light receiving 
element 311b of the optical sensor 311. 

The procedure for aligning five wafers all at once with 
the substrate alignment apparatus having the above structure 
will now be described through reference to Figure 18. 

25 Five wafers 104 are loaded into the substrate alignment 

apparatus with a wafer transfer unit capable of handling 
five wafers at a time, and these wafers are transferred to 
the various turntables 307 (steps 401 and 402). The various 
turntables 307 are independently rotated and the notches are 

77 



detected by the various sensors 311 (step 403), and the 
notches are then aligned to the specified position (step 
404). Once notch alignment has been completed for all five 
of the turntables 307, the wafers 104 are transferred out of 
5 the substrate alignment apparatus by the wafer transfer unit. 
In the above notch alignment, the wafers are rotated and the 
notches are detected on the first rotation, and are 
controlled such that they are decelerated at the point of 
detection, their - rotation is stopped, and they are returned 
10 by the amount they have gone too far. At first glance this 
operation appears to result in alignment that is 
1;"^ simultaneous with notch detection. 

Thus, in the second embodiment, the outer periphery 
104b of the wafers 104 is supported by the tapered portions 

':^15 317 of the support pins 310 provided to the turntables 307, 

h J 

iy the wafers 104 are rotated, and the notches 104a of the 

wafers 104 are detected and arranged in non-contact fashion, 

1:3 

fU and this affords a reduction in particle generation and 

effectively prevents particles from clinging to the backs of 

20 the wafers. Also, the motors 309 that rotate the turntables 
307 are provided for every one of the turntables 307 and 
operate them independently, so even if a notch position is 
badly shifted, its alignment will not be hindered by the 
other wafers, and each notch can be dealt with independently. 

25 Also, the apparatus height can be lowered because the motors 
309 are not disposed directly beneath the wafers 104, and 
are instead provided to the side of the turntables 307, with 
the drive force to the turntables 307 being transmitted by 
timing belts 308. Thus, with a relatively simple 
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construction, there is no restriction on rotation, and since 
alignment of the wafers is accomplished all at once, notch 
position detection is extremely fast. 

Nevertheless, even with this second embodiment, the 
following problems are encountered when the notches overlap 
the support pins 310, or when the support pins 310 come to 
the tweezers entrance position after notch alignment. For 
example, as shown in Figures 19A and 19B, if the support pin 
310 overlaps the notch position, the support pin 310 will 
block the optical path of the optical sensor and prevent the 
detection of the notch position. Also, as shown in Figures 
20A and 20B, there are times when the positions of the 
support pins 310 are shifted because the turntables 307 have 
been rotated for the sake of notch alignment , and the 
support pins 310 are in the way of the forward movement of 
the tweezers 257 of the wafer transfer unit 256. In a case 
such as this, the turntables 307 must be brought to their 
starting point so that the tweezers 257 can move forward, 
but the problem with this is that the notches that were so 
carefully aligned become misaligned again. 

In view of this, in the third embodiment discussed 
below, in a case such as that described above, all of the 
wafers are picked up and retracted, and the turntables are 
rotated by a specific amount so as to shift the positions of 
the support pins, and this solves the above-mentioned 
problems . This pick-up mechanism incorporates the concept 
of the first embodiment. 

Third Em bndinient (Figures 21 to 29) 
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This is a substrate alignment apparatus with which 
notch alignment is possible even when the notches of the 
wafers overlap with the support pins of the turntables. 

The basic structure shown in Figure 21 is the same as 
5 that of the substrate alignment apparatus in the second 

embodiment shown in Figure 15. The difference is that the 
substrate retraction mechanism employed in the first 
embodiment is provided for picking up and retracting the 
wafers, so that when a notch overlaps with a support pin, 
10 the wafer is first picked up and retracted, during which 

time just the turntable is shifted, and the wafer is put • 
'3 back on the shifted turntable, thereby preventing overlap 

'^i with the support pins. Also, even if a support pin blocks 

i;0 

"''I the forward path of the tweezers after alignment, here again, 

51 15 just the turntable is shifted to open up the forward path of 

ru the tweezers. 

Three pick-up poles 321 are elevatably provided around 

m the outer periphery of a stack of five turntables 307. The 
direction in which these poles are erected is parallel to 
20 the rotational axis of the turntables 3D7. Pick-up support 
pins 322 that support the substrate outer periphery of the 
wafers and pick up the wafers are provided at a specific 
pitch in the lengthwise direction to these pick-up poles 321 
such that they project like arms toward the center of 
25 rotation of the pick-up support pins 322. In Figure 21, the 
pick-up support pins 322 are drawn such that they overlap 
with the support pins 310 provided to the turntables 307. 
The wafer support surfaces of the pick-up support pins 322 
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are wafer-bearing edge surfaces that are slightly tapered^ 
Just as in the first embodiment . 

The three pick-up poles 321 go all the way through the 
shelves 301 to 305 and are integrally attached to a base 323 
provided in the space formed between the lowermost shelf 305 
and the bottom plate 306, The base 323 can be raised and 
lowered by an air cylinder 324. The pick-up poles 321 
merely go up and down, and neither rotate nor move back and 
forth. When the pick-up poles 321 are raised, the pick-up 
support pins 322 are stopped at the substrate outer 
periphery and pick up the wafers from the support pins 310. 
After being picked up, the wafers are returned to the 
support pins 310 by the lowering of the pick-up poles 321. 

How the various motors 309 that rotate the turntables 
307 are attached is the same as described in the second 
embodiment, but here we will describe another way of laying 
out and attaching the motors. This is illustrated in detail 
in Figure 22A. The motor 309 cannot be disposed on the 
arrow side of line Z because the motor 309 will interfere 
with the wafer 104 during loading. As shown in Figure 22B, 
the spacing between the shelves 301 to 305, that is, the 
spacing between the various turntables 307, must be no more 
than 30 mm due to restriction of the pitch varying mechanism 
of the wafer transfer unit 256. If an attempt is made to 
align the shaft of an upper motor 309 (motor (2) at the 
second level) with that of a lower motor 309 (motor (4) at 
the fourth level) , the motors will interfere with each other 
and the spacing cannot be kept within 30 mm, so the motors 
are alternately shifted in their positions with respect to 
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one another (Figure 22A) . The reason the motors 309 are at 
the corners is to provide enough distance to accommodate the 
timing belts 308 between the motor shafts and the center of 
the turntables 307. Similarly, the purpose of staggering 
the motors 309 to the left and right at odd and even 
numbered levels is to keep the motors from interfering with 
one another, so as to provide a spacing of no more than 30 
mm between levels. 

Figures 23A and 23B is a detail view of the substrate 
alignment apparatus shown in Figure 21, with Figure 23A 
being a plan view and Figure 23B a vertical cross section of 
the lowermost level. The support pin position sensor 325 
shown in Figure 23A is used to return the turntable 307 to 
its starting point. The turntable 307 is returned to its 
starting point using the signals from this sensor, which 
prevents interference between the tweezers and the support 
pins 310 on the turntable 307, as will be discussed below. 
As shown in Figure 23B, the air cylinder 324 raises and 
lowers the pick-up poles 321 by driving the base 323, and a 
guide 327 is provided parallel to elevator rods 326 of the 
air cylinder 324. This guide 327 allows the pick-up poles 
321 to be raised and lowered more smoothly. 

As shown in Figure 24, the pick-up poles 321 in the 
third embodiment has the pick-up support pins 322 provided 
at equidistant spacing in the lengthwise direction, and when 
the wafers 104 are picked up, all five of them are picked up 
at once. Just as in the first embodiment, the wafer support 
surfaces of the pick-up support pins 322 are wafer-bearing 
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surfaces that are slightly tapered, and the wafers are 
supported around their outer periphery. 

Notch alignment with the above structure will now be 
described through reference to Figures 25A,25B to 28, 
5 including a case when a notch position cannot be detected 
because the notch of a wafer overlaps a support pin 310. 

As shown in Figure 27, five wafers 104 are loaded into 
the substrate alignment apparatus by a wafer transfer unit 
capable of handling five wafers all at once, and are 
10 transferred to the various turntables 307 (steps 501 and 

502). After this transfer, the turntables 307 are rotated 
p and the notches 104a are detected (step 503). After this 
jy notch detection, those wafers 104 whose notches 104a have 

i* 0 

been detected are aligned so that their notches are parallel 

\'f\ 

I'l5 (step 504). In this embodiment, just as in the second 
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embodiment, the turntables 307 are decelerated at the point 
when notches 104a are detected, rotation is stopped, and the 
wafers are returned by the amount they have gone too far. 
Therefore, for wafers 104 whose notches 104a have been 
20 detected, at first glance this operation appears to result 
in alignment of the notches 104a simultaneously with 
detection of the notches 104a- After this, a decision is 
made as to whether the notches 104a of all the wafers 104 
have been detected (step 505). If the notches 104a of all 
25 the wafers 104 have been detected, then the notch alignment 
is complete for all the wafers 104 at that point, and the 
flow jumps to step 509. If the notches 104a of all the 
wafers 104 have not been detected, this means that there is 
a notch 104a overlapping a support pin 310 of the turntable 
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307, so an operation is performed to eliminate this 
overlapping for that wafer 104. First, the pick-up poles 
321 are raised by the operation of the air cylinder 324, and 
all the wafers 104 supported by the support pins 310 of the 
turntables 307 (Figure 25A) are temporarily picked up and 
retracted by the pick-up poles 321 (Figure 25B) (step 506). 

While all the wafers 104 are retracted, the support 
pins. 310 of the turntable 307 of the wafer 104 whose notch 
104a was not detected are rotated by a specific amount and 
the turntable 307 is halted (step 507). As shown in Figure 
26, when the turntable is stopped, the support pins 310 and 
the pick-up support pins 322 are stopped at a position 

shifted by the angle 6. Therefore, any overlap between a 

support pin 310 and a notch can be eliminated. In this 
state, the air cylinder 324 is operated in reverse to lower 
the pick-up poles 321 (step 508), and the wafers 104 are 
transferred to the support pins 310 (Figure 25A) . This 
allows the notch positions to be detected. 

Once the overlap between the support pins 310 and the 
notches 104a has been eliminated so that the notches 104a 
can be detected, the flow returns to step 503, and the 
above-mentioned series of notch detection and notch 
alignment operations are performed again for those wafers 
104 whose notches 104a have not been detected (steps 503 to 
505). The above operation allows notch alignment to be 
performed for all the wafers 104. 

After the notch alignment of all the wafers, all the 
wafers 104 are retracted (step 509), and the turntables 307 
are rotated by the required amount during this retraction so 
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as to return all the turntables to their starting point 
(step 510). This return to the starting point is performed 
after every notch alignment, regardless of whether support 
pins are in the tweezers transfer position, in order to 
create a state in which the next notch alignment can be 
performed. After this, the wafers are returned onto the 
turntables 307 (step 511). The wafers 104 are then smoothly 
removed using the wafer transfer unit (step 512). 

As discussed above, the notches of the wafers 104 taken 
out of a FOUP by the wafer transfer unit can be aligned in 
their specified positions by a substrate alignment apparatus 
having a substrate retraction mechanism, even when the 
notches are placed overlapping with the support pins of the 
substrate alignment apparatus. Also, even if the support 
pin positions of the turntables are in the forward path of 
the tweezers after completion of notch alignment for all the 
wafers, the wafers are all temporarily lifted by the pick-up 
mechanism, during which time the turntables, which are not 
carrying anything, are rotated by a specific amount and 
returned to their starting point. After this, the wafer 
lifting mechanism is lowered and the wafers are put back on 
the turntables that have undergone starting point alignment, 
so the forward motion of the tweezers is not impeded. 

In the third embodiment, when a notch overlaps a 
substrate support pin and the notch cannot be detected, this 
overlap is eliminated using a substrate retraction mechanism, 
but as shown in Figure 29, the overlapping notch can be 
detected without the use of a substrate retraction mechanism 
if the support pin 330 is molded from a material that is 
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transparent with respect to the light of the optical sensor. 
Even though the notch 104a overlaps with the support pin 330, 
the support pin 330 does not block the light because it is 
transparent, allowing the notch 104a to be detected. Quartz 
glass is good as the material of the support pins 330. An 
advantage to making the support pins 330 from a transparent 
material is that the notches 104a can be detected even when 
the notches 104a are overlapping the support pins 330, 
eliminating the need for the notch detection to be carried 
out again, and this shortens the time it takes for notch 
detection. Here again, however, a substrate retraction 
mechanism is necessary because of the problem of 
interference between the support pins 330 on the turntables 
307 and the transfer unit tweezers that move forward into 
the substrate alignment apparatus . 

As a rule, the above first embodiment is premised on 

the notch position being within a specific angle 9 range, 
but the second and third embodiments do not have this 
restriction, and notches can be detected wherever they are. 
The flow of the control components in the second and third 
embodiments was described, but no control block diagram is 
given. The control blocks would be structured basically the 
same as in the first embodiment (see Figure 9). 

In the first embodiment, the notch positions are 
detected, and the notches are successively aligned to their 
specific positions, one lat a time, on the basis of angular 
position data for the detected notches, and the notch 
alignment time here is 36 seconds for five wafers (7.2 
seconds/waf er ) . The results are even better in the second 
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and third embodiments, in which the notches are aligned to 
their specific positions all at once on the basis of angular 
position data for the detected notches, taking 19 seconds 
for five wafers (3.8 seconds/waf er) . The above time for the 
third embodiment is for when there is no overlap between 
notches and support pins, or is the shortest time when a 
notch 104a overlaps a support pin 330 and the support pins 
3 30 are made of a transparent material. When the material 
is not transparent and there is overlap between a notch and 
support pin, the time is 30 + a seconds for five wafers (6 
+ a* /wafer). The above notch alignment times are just 
examples of when the present apparatus is used, and shorter 
times can be achieved by varying the rotational speed, the 
pick-up speed, and other such factors to the extent that no 
problems such as wafer shifting occur. 

From the standpoint of wafer support stability, it is 
preferable for there to be three support poles and three 
pick-up poles, but four or more may also be used. In these 
embodiments, a substrate transfer unit is used for loading 
and unloading the wafers to and from the substrate alignment 
apparatus, but when the pitch between wafers in the 
substrate alignment apparatus is different from the pitch 
between wafers in the FOUP or boat, then the pitch between 
the tweezers of the substrate transfer unit must be changed 
to match this. 

Examples 

The structure of a specific substrate alignment 
apparatus of the first embodiment, and the pitch values PI 
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and P2 when notches are detected on all five wafers at once 
will now be described. 

( 1 ) Substrate Alignment Apparatus 

Figure 31 is an oblique view of a specific substrate 
alignment apparatus of the first embodiment. 

The substrate alignment apparatus has a two -level 
structure. The first level is a mechanism chamber 601 
containing mechanisms for raising, lowering, advancing, and 
retracting pick-up poles 610, and the second level is an 
alignment mechanism chamber 602 where notch alignment is 
performed. 

The alignment mechanism chamber 602 at the second level 
comprises a turntable 603 rotatably provided over the 
mechanism chamber 601, three support poles 605 that are 
erected around the outer periphery of the turntable 603 and 
that support five horizontally stacked wafers, a triangular 
plate 609 that is supported at the top of the three support 
poles 605 and that covers the surface of the five wafers 
supported on the support poles 605, a sensor pole 617 that 
is provided such that it can move back and forth in the 
radial direction of the turntable 603, that has five optical 
sensors 618 for notch detection, and that detects the 
notches in the wafers with these optical sensors 618, and a 
motor 606 for driving the turntable. 

The mechanism chamber 601 at the first level is 
equipped with a housing 600 having a top plate 611 and 
bottom plate 619 with a modified pentagonal shape produced 
by cutting off one corner of a square. The front two sides 
of the housing 600 are open. The inside of this open 
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housing 600 is provided with an approximately disk- shaped 
horizontal plate 613 that is provided elevatably, three 
pick-up poles 610 that are retracted within the mechanism 
chamber 601 in their initial state and rise during notch 
5 alignment to a position where pick-up is possible on the 
second level, three cylinders 615 that move the various 
pick-up poles 610 back and forth in the radial direction, a 
ball screw 616 that goes through the horizontal plate 613, a 
ball nut (not shown) attached to the horizontal plate 613 
10 and threaded onto the ball screw 616, and a motor 612 that 
l'« rotates the ball screw 616. 

□ • The reason the pick-up poles 610 are retracted in the 

"'■4 

ly mechanism chamber 601 at the first level in the initial 
's! state is to prevent them from interfering with the wafers 

m 

5:15 during the loading of the wafers if the pick-up poles 610 
ry are in the position at the second level where pick-up is 

possible. Specifically, as shown in Figure 32, the pick-up 

P 

ly poles 610 have to be retracted because they are within the 



operating range in which the wafers are transferred during 
20 wafer transfer. This is why the above-mentioned retraction 
of the pick-up poles 610 is necessary, and wafer transfer is 
always conducted in the retracted position. 

When the motor 612 is driven, the ball screw 616 
rotates and the horizontal plate 613 rises along the ball 
25 screw 616. As the horizontal plate 613 rises, the pick-up 

poles 610 rise up from their retracted position at the first 
level and rise all the way to the position at the first 
level where pick-up is possible. The cylinders 615 attached 
to the horizontal plate 613 are actuated to move the pick-up 
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poles 610 In the inward radial direction, and the pick-up 
support pins slide under the outer periphery of the wafers 
104. The motor 612 is driven again, and as the pick-up 
poles 610 rise, the wafers 104 supported on the support 
poles 605 are lifted up and transferred to the pick-up poles 
610. 

The change points in the flow of Figures 11 and 12 when 
notch alignment is performed using the substrate alignment 
apparatus with the above structure are the point in step 202 
when the support poles 605 have been rotated to the notch 
detection commencement position and the pick -^up. poles 610 
are then further raised to the position where pick-up is 
possible, and the point in step 221 when the pick-up poles 
610 have been retracted and are then further lowered out of 
the way down to the mechanism chamber 601 at the first level. 
As long as the operation of raising the pick-up poles 610 to 
a position where pick-up is possible is after step 201 but 
before step 211, it may be performed at any time. 

(2) Pitch PI and P2 

When the wafers 104 are actually picked up one by one, 
the wafer bending e, the spacing between the wafers 104 and 
the pick-up support pins 111 and between the wafers 104 and 
the substrate support pins 107, and so forth must be taken 
into account in order to avoid interference between the 
wafers 104 and the pick-up support pins 111 and substrate 
support pins 107. An example will now be given of a method 
in which these factors are considered, for determining the 
pitch PI of the pick-up support pins 111 and the pitch P2 of 
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the substrate support pins 107 in the actual picking up of 
the wafers 104 one by one. 

In Figures 8A,8B,8C and 8D, SI, S2, S5 are the pick- 
up support pins 111 (in order from the bottom), Kl, K2, 
5 K5 are the substrate support pins 107 (in order from the 
bottom), Wl, W2, W5, are the wafers 104 (in order from 
the bottom) , s is the thickness of the pick-up support pins 
111, k is the thickness of the substrate support pins 107, w 
is the thickness of the wafers 104, and e is the wafer 
10 bending . 

1^'^ Also, in Figures 8A,8B,8C and 8D, if we let 

f3 

P (1) the spacing between the lowermost pick-up support 

"4 

W pin SI and the lowermost wafer Wl in the initial state 

m 

""J (Figure 8A) , 

m 

h15 (2) the spacing between the substrate support pin Km 

fU and the picked-up water Wm in a state in which the m-th 

wafer (m is an integer from 1 to 4) has been picked up, and 
the spacing between the wafer W(m + 1) that is picked up 
next and the pick-up support pin S(m + 1) that picks up this 
20 wafer (m = 1 in Figure 8B), and 

(3) the spacing between the uppermost wafer W5 and the 
uppermost substrate support pin K5 in a state in which the 
last (fifth) wafer has been picked up, and the spacing 
between the lowermost wafer Wl and the second lowest 
25 substrate support pin K2 (Figure 8D) 

each be AL, then the following equations hold true. 

P2 = PI + 2AL (4) 

4P1 = 3P2 + k + w + 2AL (5) 
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The spacing AL here must be at least greater than the 



wafer bending e so that there will be no interference 
between the wafers 104 and the substrate support pins 107 
and pick-up support pins 111 (Figure 33). An even better 

5 margin AL' is provided to obtain AL = e + AL' . Considering 
that e = 0.3 mm and the margin AL' ^ 1 mm, the value during 



design was set to AL = 2 mm. 

Based on Figures 8A,8B,8C and BD, the pick-up pitch is 
2AL = 4 mm. Also, s = k = 2 mm and w = 0.775 mm, and if we 
4o let w = 0.775 mm be approximately 1 mm, then Formulas 4 and 

5 become as follows . 
W P2 = PI + 4 

4P1 = 3P2 + 7 

m 

Thus, the pitch PI of the pick-up support pins 111 of 
ii5 the pick-up poles 110 and the pitch P2 of the substrate 
.5 support pins 107 of the support poles 105 are determined at 

a 

ry PI = 19 mm and P2 = 23 mm. 

The values given here for the margin AL' , the 
thickness s of the pick-up support pins 111, and the 

20 thickness k of the substrate support pins 107 are merely 
examples, and the thickness w of the wafers 104 can be 
varied according to the type of wafer, the material, the 
size, and other such factors. Thus, the pitch PI of the 
pick-up support pins 111 of the pick-up poles 110 and the 

25 pitch P2 of the substrate support pins 107 of the support 
poles 105 can be set to various values. 
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What the spacing AL from the wafer should be set to in 
the design of a notch alignment apparatus is not entirely 
clear in terms of the relationship of bending in a 12 -inch 
wafer. In view of this, the spacing at which there is no 
interference when the substrate support poles are rotated 
when the wafers are picked up is tentatively assumed to be 
2 mm. This is because the presence of bending is believed 
to be irrelevant if the spacing is at least six times the 
bending of 0.3 mm. 

Also, the discussion here was about constant spacing of 
the pick-up support pins 111 and constant spacing of the 
substrate support pins 107, but the spacing does not have to 
be equidistant as long as the wafers after notch alignment 
can be successively picked up one at a time. 

With the present invention, the substrates are 
supported by their outer periphery, rather than their back 
sides, so particles do not cling to the backs of the 
substrates. Also, a plurality of substrates can be aligned 
all at once by providing support poles capable of supporting 
a plurality of substrates. A plurality of substrates can 
also be aligned simultaneously by providing a plurality of 
levels of turntables carrying the substrates. Furthermore, 
throughput can be increased by utilizing the idle time of 
the substrate transfer unit to perform the alignment of the 
substrates. In particular, by providing a substrate 
retraction mechanism, even if problems such as overlap 
between an orientation flat or notch and a substrate support 
component should occur, this problem can be eliminated and 



93 



the orientation flat or notch of the substrate aligned to 
its specific position. 
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